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ABSTRACT
GENETICS INSTRUCTION; AUDIO-TUTORIAL LABORATORY APPROACH
COMPARED TO TRADITIONAL METHODS
Jean F, Ross, B.A., Trinity College
M.S., Springfield College, D.Ed., University of Massachusetts
Directed by; Professor Leveme J. Thelen
The audio-tutorial approach to instruction has been reported to
be effective in a number of science courses described in the literature.
However, experimental research evaluating this method in direct compari-
son to conventional or other techniques has been limited. In the cases
where the evaluation of AT format has been reported, it has involved
the entire course, with no attempt made to identify sub-topics best
taught by this method. It appeared that in a course dealing with many
different areas such as general biology, the AT approach might be more
appropriate for some of the topics than for others. Ibis study was under-
taken to compare the effects of audio- tutorial laboratory instruction
with that of traditional teacher-directed laboratory Instruction in a
three-week genetics unit in a college-level general biology course
for
non-majors.
V
Abstract - Continued
Students In the class were randomly assigned to two treatment
groups. Within each group, they were then rank-ordered according to
pre-test scores. Randomization was again used to match 42 pairs of
students with identical pre-test scores, one member of each pair
receiving AT laboratory instruction through the medium of tapes, while
the other member participated in a conventional laboratory session.
Both treatment groups attended the same lectures and used the same text,
laboratory procedures, study guides, etc,
Pre- and post-tests on the genetics unit were administered, and
the results analyzed using a 2 x 3 factorial design where one factor was
treatment (instructional method in lab), another was the entering
competency (hi^, medium, and low blocking on the basis of the pre-test),
with the error term subjects within blocks. The SPSS program MANOVA
from the University of Massachusetts Computer Center library was used
for this analysis. Results Indicated that there was a significant
difference between scores obtained with the two methods of laboratory
instruction. The AT format was thus found to be significantly superior
to the control method when the entire group was evaluated.
F\irther analysis by means of a t test indicated that the low
Vi
Abstract - Continued
group made a statistically significant Improvement under the AT treat-
ment, and that male students in the AT group also received significantly
higher scores than the males in the control group. For other sub-groups
the differences were not statistically significant, but did reveal a
strong trend in the direction of Improved performance for the AT group.
An attitude q^uestlonnaire was administered, and responses concerning the
AT method of instruction were positive.
It was concluded from this study that the AT approach is a more
effective way to teach the laboratory portion of a unit on genetics than
the way in which it is traditionally taught. This is true both for the
general population of students and for some of the sub-groups of that
total population. At the same time, the sub-groups for which there was
no significant improvement showed some trend toward improvement. There-
fore, it appears that in a general biology sequence, changing the
conventional method of teaching the laboratory portion of a unit in
genetics to an audio-tutorial approach would be an effective step
toward improving student learning in this area.
yii
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CHAPTER 1
,
INTRODUCTION
!•! Background and Rationale
.
Contemporary research in instructional procedures in science
education has identified a wide array of teaching strategies which have
been valuable in attaining certain goals of biological education.
Research reports cited by McKeachie (1970) suggest that learning is
strongly influenced by teaching methods, that different types of strate-
gies work well with different kinds of students, and that no single
method has been demonstrated to be equally effective for teaching all
topics covered within a given course structure. The Implication is that
some topics may lend themselves better to one type of Instruction than
to another, and therefore there exists a clear need to determine which
methods are best adapted for which topics in the curriculum.
Traditionally, science courses in a college setting have been
taught with the lecture-laboratory format, in which the laboratory
experience permits hands-on opportunity to observe and investigate the
scientific information which has been described or demonstrated in the
I
2lecture period. The usual procedure is as follows i The laboratory
instructor presents prefabricated laboratory exercises, describes the
theory and techniques in an Introductory mini-lecture, often illus-
trated with slides, models, films, and other aids. He then supervises
the resulting activities which are designed to Illustrate some scien-
tific principle, (ihis instructional approach is referred to in this
paper as the “traditional teacher-directed laboratory*' format.)
In this teacher-directed laboratory experience, it is an unusual
student who doesn't come to rely to a great extent on the instructor's
direction and help in setting up equipment, carrying out the procedure,
making observations, and even drawing the “right** conclusions from the
obseirvations. Such dependence on the instructor's direction tends to
make the student a passive recipient of some scientific information
rather than an active participant in scientific endeavor. In this tra-
ditional approach, then, the student does not take major responsibility
for the pace and extent of his learning. Alternative teaching strategies
which are less “teacher-centered** and more oriented toward student par-
ticipation might be usefully studied to see if they are more effective
in stimulating learning.
As Cox and Davis (1972) state in their assessment of the current
situation in undergraduate biology education undertaken for the American
3Institute of Biological Sciences entitled The Context for Biological
Education t The Case For Change r
Associated with the need for loosening the structural rigidity
of biological education is the equally pressing need for the
reconsideration of teaching methodology. The traditional
lecture-lAboratory format should be reassessed and alternative
forms of instruction developed in order that students become
more active participants in the learning process rather than
passive recipients of a pre-determined and prescribed body of
information. Students should have more experience with the
processes by which biological information is generated, even if
this means less ''coverage*' of biological information. (Page 14)
They further comment on research reports which j
. . . support our contention that learning is strongly
influenced by teaching methodology# The data in these reports
indicate that for the achievement of more complex educational
outcomes such as long-term retention, critical thinking, and
changes in attitude and motivation, student-centered methods
are superior to teacher-centered methods. These data also
suggest that different types of teaching methods work well with
different types of students, and that no single method is best
for all students, (Page 44)
Thus, introduction of some aspects of , a self-paced type of learning in
which the student takes more responsibility for his performance would
seem to increase motivation and encourage a perception of science as
an activity,
F\irthermore, few students learn at the same rate, and to expect
24 people in a lab section to recognize and attack a problem in a number
of quite different areas of a science and to work out conclusions all in
the same prescribed two or three hour lab period is not realistic, A
thoughtful assessment of the values and results of laboratory
experience
4in a science course suggests that, where feasible, alternative forms of
instruction may provide ways of involving the student more actively and
successfully in investigation, and allow for different abilities and
rates of learning.
Modem learning theory and current findings suggest ways to
stimulate learning in science, and the new educational media develop-
ments provide a wide range of techniques appropriate for biology
laboratory instruction. la I963, Ausabel interpreted and unified
learning theory as applied to the classroom in his book. The Psychology
of Meaningful Verbal Learning
.
(David Ausabel, I963.) In this, he deals
with concept formation and “reception'* learning, which he considers that
learning in which the concepts and Information have been presented to
the student, rather than discovered by the student, and which, he points
out, is the major type of learning which takes place in a classroom or
laboratory.
Meaningful reception learning, as Ausabel describes it, involves
the process of “subsumption", in which information is taken into the
student's pre-existing cognitive field and is subsumed or included under
more generalized concepts already possessed by the student, leading ulti-
mately to some modification of the Individual's total concepts. When
subsumed, the new cognitive structure permits what Ausabel calls
5"anchorage” or integration of new information with old into new concepts.
(Novak, 1975) Hius, the entering competencjj' of the students in a unit
or course would seem to have some effect on the learning possible, and
the method of introducing and presenting the information is of great
importance. Tiie thrust of many of the new curricula in science, and new
media developments as applied to science instruction, has been to improve
reception learning by the use of Instructional strategies which augment
or replace the traditional teacher-directed techniques.
The post-Sputnik era saw a burst of interest in the improvement
of science curricula at the elementary, junior and senior high school
level. 'These curriculum studies were extremely valuable in stimulating
investigation of the process as well as the content of science. At about
the time guidelines were being developed to meet the demands for improve-
ment in science programs in the fifties, programmed instruction was being
introduced and put into practice. 'This strategy was largely based on
Skinner’s behavioral principles and adapted many features of the systems
analysis approach used in devising activities in industrial applications.
These included i mastery learning (that is, the student does not proceed
to a new item until he has mastered the one before (thus providing a
built-in reinforcement); learning activities designed to achieve the
expressed objectives; immediate feedback to the learner as to correct
6responses, and to the teacher who could then re-write the frames
following analysis of the responses; programming In a logically-ordered
sequence of small steps, which ultimately lead to an overview of the
topic studied. Programming usually implies self-paced learning, at
least in most of its forms, and this has been found to have distinct
motivational value in science education especially^, where long labora-
tory sessions and large quantities of facts to be learned and analyzed
are dealt with differently by students, depending on their widely
varying scientific backgrounds, aptitudes, and interests.
Some objectives of science teaching such as critical thinking,
discovery learning, etc., cannot readily be programmed. However, for
the task of learning structured information in logical order, this
technique has been very successful and has led directly to some other
important kinds of educational technology. One method which uses some
of the ideas of programmed instruction in conjunction with techniques
suggested by learning theory is the audio-tutorial approach pioneered
by Postlethwalt and Novak (1964) at Purdue. The original plan is still
being used successfully and, in fact, is the basis for the laboratory
instruction tested in this study. However, increasing sophistication
has been made possible in the seventies due to utilization of television,
radio, telephone, computer- simulation techniques, and other "hardware”
7of the multi-media world. Still, the "software" - the preparation and
structuring of the content to be presented - is the key element and, as
Postlethwait (1974) comments, the "hardware" has become more readily
available than the prepared intellectual content of the method. Soft-
ware design, then, is something that every teacher can become Involved
with, regardless of financial restrictions on how complex the hardware
or educational technology can be to implement the program.
Although it is difficult to evaluate or to design specific
exercises for development of appropriate attitudes, one concern in
teaching all subjects in the curriculum is for affective learning. In
biological education, especially, attitude assessment is particularly
important in a technological society entering on an era of "biological
revolution" with its wide-ranging social, ethical, and political impli-
cations. A survey of teaching strategies should be approached, then,
not only from the viewpoint of effectiveness in cognitive learning, but
from that of learning in the affective domain as well. Thus, an attitude
questionnaire incorporated in pre- and post-testing should be Informative
in any comparison of teaching methods.
Besides the theoretical background and the concerns already
suggested, which have stimulated the research study reported here, there
are also some practical problems which a traditional lecture-laboratory
8presentation of a course in general biology to a large class of college
freshmen pose, and which it was hoped some alternative teaching methods
might address* Some of these practical considerations are commented on
below.
The problems inherent in presenting an undergraduate course
(largely for freshmen) in general biology for students who major in non-
scientific fields, are substantial. One major concern is the marked
heterogeneity of the class which, at the college where this study was
done, consists of individuals in some eighteen major fields, with widely
varying high school backgrounds: from a single course in ninth grade
general science to two or more biology courses, including peibaps one in
a specialty such as animal physiology and biochemistry, psychology, or
evolution, to cite but three high school offerings listed this past fall
by some incoming freshmen as part of their hi^ school background.
Another area of concern is that of the diverse backgrounds of
the graduate assistants who handle the major portion of the laboratory
instruction, and who change from year to year. Regardless of staff
meetings to review and to standardize the labs as much as possible, there
are often some differences between the course content presented
to the
different lab sections. -An attractive feature of some of the
self-
paced instructional methods like audio-tutorial techniques
is that the
9use of a taped or computer-directed presentation of Uboratory instruc-
tions, explanations, etc., insures a common base of information or expe-
rience not possible with the conventional approach, and this base then
can be built upon in developing the themes of the course.
With these concerns and rationale in mind, a study was proposed
to compare the impact of two different laboratory strategies on learning
and attitudes in a single unit of an undergraduate biology course. Hie
study was conceived as a first step in determining the most effective
teaching methods for each of the diverse topics considered within the
framework of the course » "Basic Concepts of Modern Biology". It was
therefore necessary to look at some of the possible instructional alter-
natives in order to choose one to compare with the traditional teacher-
directed laboratory method.
Some alternatives to traditional instruction in the laboratory
are: programmed instruction, television instruction, computer-assisted
instruction, use of modules (self-contained audio-visual packages of
programmed instruction for development of specific skills to be inserted
as needed anywhere in a biology course) and audio-tutorial instruction.
There are some programmed texts available in the area of genetics
at both an Introductory level and at the level of a full semester course
in genetics. In fact, one booklet on DNA structure and function (Parker
lU
et al,, 1966; has been used In the past in this course. While learning
in this one aspect of genetics study was good using the programmed
appiroach, such Instruction is limited in that it is not adapted to
biological investigation in the laboratory which Is considered one of
the important goals of this course.
Of the various alternatives to a traditional approach to lab
presentation, the audio-tutorial method has many enthusiasts for Its
efficient, self-paced approach. V/ith expanding college classes In the
late fifties, the demands on facilities and instructor time becajne
pressing. One answer to the problem, open labs (unscheduled lab expe-
rience allowing individualized study using programmed learning aids; was
further adapted by means of tapes, films, and other aids, into a total
audio-tutorial instructional method in a number of types of science
courses, and at both secondary and college levels, liie AT method was
designed to teach large groups of students in as effective and individ-
ualized a manner as possible, (it can, of course, be adapted to sma.Ller
groups.; At Purdue, where Postlethwait, NovaJk, and Murray (19b^;
pioneered the program on a large scale, 600 students in a plant biology
course use a single lab (plus a greenhouse and a discussion room;. An
AT program utilizes three different kinds of learning experiences: small
group discussions, self-paced and individualized lab work utilizing
11
cassette players to listen to directions, etc., plus occasional large
group lectures or films, IVius, three senses are appealed to with this
method I vision (charts, diagrams, study guides, slides, films); hearing
(primarily tapes, since in the Purdue setup lectures are minimal); and
touch (models, living or preserved specimens, tools and equipment).
Student response at Purdue and elsewhere, as determined by simple
questionnaires, has been favorable.
An analysis of AT for use as an alternative method of lab
instruction in the specific biology course to be studied revealed the
fact that there would be both advantages and disadvantages. Some
advantages of the AT methods arei l) the self-paced aspect, with tapes
which can be readily stopped at any point, reversed and repeated as often
as necessary for understanding; 2) the assurance that all students in the
class are receiving the same basic opportunities for instruction and are
subjected to uniformly high standards of presentation; 3) the freeing of
the instructors in the lab from repetitive explanations and demonstrations,
thus enabling them to spend more time giving Individual aid as needed and
requested; 4) the necessity of preparing objectives and evaluative items
for each lab period to accompany tape and study guide, therefore, helping
to clarify and relate the aims of the student, teacher, department,
and
institution; and 5) the relatively low cost for the "hardware";
the
12
carrels and cassette players (at least as compared to other educational
media using such material as computer terminals and closed circuit TV,
for example).
of this method which experience at several colleges
suggest are! 1) the impersonal nature of laboratory periods in which a
student works largely on his own; 2) the fact that preparation, admini-
stration, and record-keeping is somewhat more time-consuming than in a
traditional presentation; 3 ) the initial setup of an AT lab can be expen-
sive (althou^ amortizing the cost over several years somewhat ameliorates
the hi^ outlay of the first year); 4) some objectives of science teaching
such as critical thinking, discovery learning, etc., may not readily be
taught by an Impersonal method; and 5) a commitment of laboratory space
and equipment to the AT approach may prevent or limit its effective use
for alternative methods of teaching.
On the whole, the pros of AT instruction seemed to outweigh the
cons in this particular college setting, so the decision was made to
design an experiment in which the amount of learning using the AT method
would be compared to that achieved with the conventional approach.
There seems to be a need to breaJc down the general course into units and
studying each individually. Hence, the next concern was to select an
appropriate topic within the course content to adapt to the experimental
13
AT format.
TTne course Basic Concepts of Modem Biology is a fifteen-week
sequence divided into five units i l) Origin and Basis of Life,
2) Ecology, 3 ) Genetics, 4) Behavior, and 5 ) Evolution. These five
units present quite diverse laboratory experiences, from microscope
study to biochemical analysis to field trips. One unit for which the
AT format might be advantageous is genetics. Freshmen entering college
with varying backgrounds often find the biochemical and mathematical
aspects of genetics rather difficult to handle in the standard lecture-
laboratory presentation, and it was hypothesized that they might find
the individualized pace possible with AT helpful. This thinking is
reinforced by the fact that a number of programmed (self-paced) texts
on genetics have been developed and found useful in various applications.
Apparently the various facets of genetics knowledge lend themselves well
to a linear instructional system, arranged in small units of material,
to be learned sequentially by students at their own rates. Programmed
instruction, however, does not usually include any laboratory activity,
considered one important component of this course. Accordingly, tradi-
tional laboratory exercises on genetics were adapted to an AT format,
which permits a wide variety of laboratory work.
14
1 *2 Statement of the Problem ,
The body of research In college science teaching is weighted
rather heavily toward descriptive studies in currlculuia and course
design rather than toward experimental approaches. (Koran, 1975;
Mintzes, 1974.) Where specific modes of instruction (for example, AT
techniques) have been evaluated in comparison with conventional instruc-
tion, most studies deal with the presentation of entire courses (e.g..
Botany, Animal Science), and results have been equivocal. (See reviews
already noted, also Ramsey and Howe, 1970.) A compelling problem, then
is how to establish whether one method might be better than another for
teaching a particular topic in the curriculum.
Results from an increasing number of studies suggest that the
audio-tutorial strategy of laboratory instruction fosters individualized
learning, and that the self-pacing aspect of this method is a motivating
factor for students of varying ability levels. On the other hand, audio-
tutorial Labs are expensive and time-consuming to set up, and they may
be less appropriate to the presentation of certain topics than the tra-
ditional lab treatment in which interchange of ideas, information, con-
cerns, etc., can take place between students and instructor. Furthermore,
although responses reported in many studies reflect positive student
reaction and Improved achievement for at least some segments of
the
15
school population, there is little specific or concrete data from research
studies identifying particular topics within a course best presented by
this method, since most studies describe conversion of an entire course
to the AT format.
Ihe diversity of topics in the usual course content of general
biology presents wide choice of subject matter which might be tested in
a comparative study of teaching methods. Two areas, cell structure and
function, and genetics, imply laboratory exercises in which the AT format
mi^t be adapted most successfully. Unlike with other topics such as
ecology or behavior, these two involve individual study more commonly in
lab exercises, thus lending themselves well to the AT method. Of the
two, cell structure and function is more familiar to students just out
of high school and is inherently easier to understand, at least at the
introductory level. TTie study of genetics, on the other hand, requires
some mathematical manipulations and a grasp of molecular structure.
Therefore, a self-paced, individualized teaching method like AT seems
to be most appropriate for teaching the concepts of genetics. Conse-
quently, in this study an attempt was made to determine whether there
is for a genetics unit any significant difference between student
achievement and attitudes under the AT format, as compared to those
under the traditional teacher-directed laboratory format
16
1 f3 Purpose of the Study .
The purpose of this study was to compare the effects of the
laboratory audio-tutorial method of instruction with the traditional
teache]>-directed laboratory instructional technique on student achieve-
ment and attitudes in a single unit on the topic of genetics in a
general college freshman course in biology for non-science majors.
Analysis of data obtained by comparison of the independent
variables (the two instructional approaches) would be useful in decision-
making as to the advisability of changing the present method of lab
instruction. It should also augment the body of science literature on
laboratory teaching techniques, which is still very limited as to indi-
vidual comparisons. Most studies reported seem to deal primarily with
predictors of success with different methods, or with the organization
and presentation of courses in general. Where there have been a few
comparison studies reported, most have found little or no difference in
cognitive knowledge gained between Instructional methods, including AT.
It may be that this is the result of studying an entire course, rather
than selecting out a specific topic within the course content for
analysis. The later approach was the focus of this research study.
It is important in such a study to determine student attitudes
toward an experimental method. It was desirable to obtain some basic
17
data in order to make some judgements about student response, therefore,
an attitude questionnaire was also administered with both pre- and post-
test, There was no statistical analysis involved, since only weighted
averages on each response were computed for the control group for
comparison with the weighted averages for the AT group. Perusal of the
data thus obtained led to some generalizations about student attitudes,
1.4 Statement of the Hypothesis ,
The null hypothesis tested was that there was no significant
difference between performance resulting from the use of an AT approach
to laboratory instruction as compared to performance resulting from the
use of the traditional teacher-directed laboratory instructional method
in a selected unit in general biology, genetics. Students matched on the
basis of pre-test scores were randomly assigned to two instructional
treatments and performance was assessed by finding for each group the
mean of the differences between grades on a post-test given after the
completion of the three-week unit, and a pre-test administered nine weeks
before the unit was begun. Thus the study tested the significance of the
difference between two means with independent samples, and the t test
(assuming normal distribution and homogeneity of variance) was applied
to determine acceptance or rejection of the null hypothesis at the 0,05
level of significance
18
1.5 Delim1 ta1 1on of the Study.
1.
.
The study was specifically restricted to a single, three-
week unit, genetics, witfiln tne course in general biology,
2. The study was necessarily restricted to a specific group of
students! college freshmen who are non-science majors, and who elected
this course as a tultlllment of their all-college reciuirenient of four
semester hours in the area of Man In Nature. The backgrounds of these
students were quite heterogeneous in respect to high school science
courses taken, entering competency, SAT scores, major fields of interest.
'No features of the experimental design should pairtially reduce the
effects of this heterogeneity; 1 ) the self-paced aspect, as well as the
establishment of clear behavioral objectives, as in a systems analysis
approach which theoretically enables any entering student the same oppor-
tunity for achievement; and 2) the use of pre-test, post-test comparisons
for each individual.
3. Because of lack of facilities it was not possible to set up
an experiment utilizing the whole class at this time, so approximately
43% of the class of 218 students were assigned to the experiment, a
sizable group, randomly selected so as to be representative of the total
population.
4. Evaluation was limited to achievement and attitudes, as
19
measured by a teacher-made criterion test and attitude questionnaire.
There are other important goals of such a unit that were not tested.
In addition, the testing of subject-matter goals was limited to lower
levels of cognitive learning, as outlined in Bloom's Taxonomy of
Objectives (1956), that is, knowledge, comprehension and application,
but did not really include analysis, synthesis, or evaluation.
5* Only the laboratory portion of the course was audio-
tutorial. Both experimental and control groups attended the same
conventional lectures.
1 *6 Outline of Remainder of Thesis .
A review of the literature on AT instruction in college science
courses, as well as other pertinent studies and reviews, follows in
Chapter II. The design of the study, and procedures used are described
in Chapter III; results and a discussion of these results in Chapter IV;
and conclusions based on the study in Chapter V. The Appendix contains
objectives, study guides, criterion test and questionnaires, problem
work sheets, lecture outlines, lists of demonstration and film materials,
and other “software'* used in both the AT and conventional laboratory
sessions for this unit
CHAPTER I I
REVIEW OP THE LITERATURE
With the advent of Increased enrollments in college science
classes in the post-Sputnlk era» demands on facilities and Instructors
became pressing. One answer to the problem, audio-tutorial programs,
became especially Interesting because they incorporate some of the
effective techniques suggested by learning theory, and they utilize
concepts of programmed instruction which are said to individualize and
motivate learning. However, although there have been many descriptive
studies, experimental research in evaluation of the AT approach has
been limited. In his review of research on AT systems, Mintzes (1975
j
concludes; "Although a great deal of research has been done in the field
of AT Instruction, I believe it is fair to say that many of the results
have been disappointing." Koran ( 1975 ) reviewed thirteen studies
comparing achievement in science courses at the college level using AT
methods in a self-paced treatment to performance in which a conventional
approach to instruction was used. He notes that four studies showed the
AT format to be more effective, one indicated that the traditional treat'
ment was better, and in eight studies there was either no difference or
20
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no conclusions could be drawn. Koran concludes that choice of the AT
method at present would have to be made on criteria other than research
findings, that is, because of reduced costs, more effective use of per-
sonnel, etc.
One of the first college science programs utilizing the audio-
tutorial strategy was set up by Postlethwait at Purdue, and studies by
his students still dominate the field. His book (with co-authors Novak
and Murray, 1964) describes techniques used in an introductory botany
couree. Evaluation of cognitive achievement and student attitude is
reported as positive. The excellent review by Mintzes (*'The AT Approach
- 14 Years Later”, 1975) updates the Purdue studies and describes some
more recent research results. The author groups reports surveyed into
three categories t comparative studies, trait-treatment interaction
studies, and instructional variables studies. While little, if any
clear-cut improvement is cited in comparison studies, nevertheless the
AT format seems to have a real value in certain applications. In all
cases the technique was used for teaching the entire content of a
course, not just individual units within it. Furthermore, the use of
AT replaced the usual lecture-laboratory procedure entirely, rather than
just the conventional laboratory instruction.
Basically, the literature reviewed falls into four divisions.
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Research on Preliminary Considerations In Course Development.
These studies are primarily concerned with factors to be con-
sidered prior to setting up the program. Some examples are the
selection and presentation of appropriate goals and objectives (Cox and
rfe-vis, 1972 ), and the use of advance organizers in presenting infor-
mation (Kuhn and Novak, 1970)» Several studies note that clear objec-
tive statements, not necessarily in strict behavioral terms (Anderson
et al. 1975 » Atkins I968 ) are important in putting together an effective
AT program. (Lewis 1971j Nisbet, 1973* Koran, 197^* Ball, 1972, and
others.
)
2.2 Studies on Course Design .
These include strategies for developing science courses for non-
science majors (Labianca, 1975* Grandits and Young, 1975)» a-s well as
descriptive studies on the actual mechanics of setting up and admin-
istering an AT program. Little or no evaluative efforts are included
in such papers, but they are useful in suggesting variants of the AT
procedures. (Examples are Diamond, 1968; Ballou, 1971* Hurst, 1970 )•
2.3 Correlation Studies .
A number of studies were concerned with predictors of success
in an AT program, Szabo (1970 ) in analyzing an AT presentation
of an
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independent study science group, found that mathematical reasoning
skills and science achievement were significantly related to success
for a high-achievement sub-group. However, in the traditional course,
verbal aptitude and certain personality traits related to success
Instead. Meleca (1970) found that while overall achievement was some-
what higher in the AT group, background variables differed in predictor
effectiveness for both AT and traditional groups.
2.4 Comparison Studies
.
Of the fourteen studies in which AT instruction was actually
compared to a tiaditlonal approach, only two note any significant
difference between the two treatments, both favoring the AT approach.
In others, the statement is commonly made that "the AT format is at
least as effective as the traditional approach". (Marinos, 1971;
Grobe and Struges, 1973» for example.) However, in these studies the
subject matter was quite diverse. Involving all the topics in a general
course in biology or physics, for example. Ibus, although the AT
approach may actually have been more effective for teaching some topics
in the general course, this fact may have been obscured because the
traditional approach may be just as effective as, or even more effective
than AT for teaching some other topics. TVierefore, it would seem to be
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profitable if attempts were made to determine which topics within a
general course could be taught more effectively with an AT approach.
Although reporting no significant difference in comparisons of
AT and traditional teaching strategies, a number of investigators do
note some trends, Ott (1973) found, in a physics course, that persons
with low mathematical ability performed better with AT instruction,
while those with high verbal ability performed better in the traditional
class, Welker (1972) found that men outperformed women in both groups,
but that there was a non-significant trend among females to improved
performance in the AT setting.
Some authors noted on the basis of simple questionnaires that
the AT format does evoke a more positive student attitude in science
courses, (Postlethwait, 1964; Hackett and Holt, 1973» Marinos and
Lucas, 1971 )•
2,5 Conclusions .
On the basis of the research survey it can be concluded that:
1, The AT format has both advantages and disadvantages, but
the former seem to outwei^ the latter in terms of potential for
individualizing instruction and solving some practical, administrative.
financial, or spatial problems.
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2
.
Comparison studies have not produced evidence of a clear-
cut superiority of AT techniques over traditional instruction, or vice
versa.
3. AT methods may be more effective for some students, perhaps
those with lower entering competencies. One study suggests that it is
more effective for female students than for males.
4. The preceding conclusions suggest that in a course for
students of widely varying abilities and backgrounds, two or more
instructional options might profitably be offered. Under most circum-
stances, some variations in techniques of teaching throughout a course
are considered desirable. Ramsey and Howe (I969 ) in their review of
secondary school instructional procedures comment that audio-visual or
tutorial media should not be used to completely take over the instruc-
tional role. In the CUEBS (Commission on Undergraduate Education in
Biological Sciences of the American Institute of Biological Science)
publication by Cox and Eavis (1972), The Case for Change , the authors
comment, "Where do we go from here? ... We can begin by increasing the
number of ways available to students for learning biology." Neverthe-
less, they go on to caution, "However, an educational program designed
to enhance the total development of the individual involves more than
simply provindlng a greater number of options for the way a body of
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subject-matter information may be learned.” (Page ^5)
5. Tliere appear to be no adequately tested AT programs available
on genetics instruction at the college level, although the AT format
seems to lend itself to that subject. There are studies (Diamond, 1968,
for example) which imply that a self-paced or programmed sequence in
genetics has led to improved student attitudes, if not improved achieve-
ment on tests of cognitive skills,
6, Except for the Purdue research, there are practically no
follow-up studies of earlier work. Furthermore, although several
commercially prepared AT programs are now available (Glencoe Press,
Burgess Publishing Company, the A IBS Minicourse set, for example) there
have been no studies published so far which evaluate these. The impli-
cation for future research is obvious,
2,6 Discussion ,
This literature review indicates that there is a need to deter-
mine the effectiveness of the AT method as compared to a traditional
approach in bringing about improvements in cognitive learning, motivation
and attitudes in laboratory science courses, There are no studies identi
fying particular topics within a general course which can be better
taught with one method than with another. There are also no studies
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which treat the topic of genetics individually in order to determine
appropriate teaching strategies for this subject, at least for the
laboratory part of the instruction* 'Thus this research study was
proposed in order to obtain data on the comparative effectiveness of
AT laboratory instruction and traditional teacher-directed laboratory
instruction for presenting a unit on genetics in a college freshman
course for non-majors in biology.
CHAPTER III
PROCEDURE
3»1 Introduction
.
A review of research studies in college science courses indi-
cated that some methods are more effective than others in certain
situations and with certain types of students. An undergraduate
general biology course deals with a wide diversity of topics, and it
might be inferred from this that a variety of teaching methods adapted
to individual topics might be most effective. However, a literature
survey showed that there has been so far no evaluation of techniques
best suited for teaching the laboratory portion of single individual
units within the context of a general biology or other science course.
The study reported here was designed to compare two methods of labora-
tory Instruction for their relative effectiveness in teaching the
laboratory exercises for one of the topics, genetics, in a course on
Basic Concepts in Modem Biology.
Of the various new approaches to laboratory instruction, the
audio-tutorial format seemed from research findings to be effective, and
relatively simple and inexpensive to set up. Flirtherraore, there are
28
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Indications that its self-paced aspect may increase student motivation
and learning. It seemed particularly well-suited for instruction in the
area of genetics, and so was chosen for comparison with the conventional
approach to lab instruction dealing with this topic. The AT format used
in this study differed from that reported in the literature in that it
was adapted to the laboratory portion of the course only. Unlike the
standard AT method (as developed by Postlethwait, 1964) in which all
Instructional material is presented by tape cassettes, only the laboratory
instructions, explanations, etc., were placed on tapes, while both the
experimental and control groups attended regular lectures.
Thus, for a three-week unit on genetics in a one-semester general
biology course, two alternate forms of laboratory instruction were
developed; audio- tutorial (experimental), and traditional teacher-
directed (control) formats. Comparative effectiveness of the two treat-
ments was to be determined by obtaining pre- and post-test scores for
each treatment group, and comparing the means of the differences by use
of the t test. Objectives were identified, study guides for the lab
exercises were developed, AT facilities were prepared, and a pilot
study carried out. A teacher-made criterion test and attitude ques-
tionnaire were designed to be used in the pre- and post-test phase of
the study.
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3»2 Criterion Test and Questionnaire
.
A primary step In the development of this project was the Identi-
fication of objectives for the entire unit on genetics. From published
and unpublished sources, departmental objectives, textbooks, experience,
and conviction, the objectives listed In Appendix 1 were selected for
the three laboratory periods. Appropriate learning activities for these
objectives were organized for each week’s lab procedure.
A fifty-item multiple-choice test on the genetics unit based on
the objectives Identified was prepared by the Investigator. (See
Appendix 2) These fifty Items were Included as part of a pre-test on
five units of the course which was administered to the entire class
at the beginning of the school year. Thus a full twelve-week Interval
occurred between the pre- and post-tests, which were Identical. It was
felt that this length of time was sufficient that the test Items would
not be remembered to any significant extent by the students. In addi-
tion to assessing cognitive learning. It was of Interest to survey
student attitudes toward science Instruction In general, biological
education In particular, and toward the laboratory experience In this
unit, so additional Items on these topics were Included In a ques-
tionnaire. (See Appendix 8)
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3*3 Preparation of Facilities .
An AT lab was set up near the main lab. It was equipped with
six audio-tutorial carrels, each containing cassette player and display
material In the form of charts, diagrams, pictures, microscope and
slides, and other material referred to In the tapes. Two carrels were
professionally made and contained shelves, projectors and cassette
players. Four carrels were made by using per-forated plywood dividers
on standard lab tables, and were also provided with cassette players
and display material. A screen was available at the rear of the lab
for Individual use of the film loop projector. Water and a sink were
available In this lab, as well as demonstration areas for setting up
display material not provided at the carrels. Both the AT laboratory
and the regular laboratory had Identical demonstration Items set upi
plants, blood typing kits, DNA models, and other material appropriate
to the particular lab exercise.
The control lab was conventional » six lab tables
accommodating
four persons each, water, sink, demonstration tables,
blackboards, a
teaching station with lectern, a screen for film
projection, and a
prep area.
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Preparation of laboratory Exercises for Both Lab Instructional
Treatments ,
A pilot study (see section 3*6) had been done the previous
spring and the lab exercises used at that time were revised to better
conform with the objectives, and to take advantage of improved laboratory
facilities. The non-experimental part of the unit was reorganized to
provide better control, (See organizational chart below,) The following
procedure was used. Based on the objectives for the three week's study,
lecture outlines were prepared. Both treatment groups were to attend
the same lectures and carry out the same lab procedures during the three-
week unit. These lab exercises were selected to expand on the lecture
themes and to fulfill the objectives as closely as possible. (Lecture
outlines and lab procedures are given in Appendices 3 and 4) Study
guides were prepared to accompany the lab exercises (Appendix 5)» and
both guides and exercises weire identical for each treatment. For the
control treatment, an instructor's lesson plan for each week was drawn
up, and a tape script following the same plan was written for the AT
lab. (Appendix 6) Master tapes were made from the tape scripts and
copies made for each carrel,
A problem worksheet containing some representative genetics
problems was made up for use by both control and experimental groups
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during and after the lab period, answers being posted on the lab bulletin
boarri. In the control sections, some time was spent by the lab instructor
going over the problems with the entire group, while in the AT treatment
the students worked the problems independently, although the instructor
was always available for help if requested. In general, the problems
were begun in lab but most of them were done by both groups outside of
the lab period. A vocabulary list was added to the worksheet for use in
studying. (See Appendix 7)
Organizational Chart
3,5 Attitude Questionnaire .
A questionnaire which was administered before and after the
experimental period was used to gauge student attitudes toward science
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(especially biology) instruction in general, and towarxi the approaches
used in this experiment. Obviously the control group had no comparison
to make, so the questionnaire for the AT group had an added section.
Since three conventional units had preceded this one on genetics, the
AT group had previously taken part in traditional labs and thus could
generally compare the two approaches, although not, of course, for the
specific topic of genetics. See Appendix 8 for the form of this ques-
tionnaire.
3*6 Pilot Study .
In the spring of the preceding school year a pilot study had been
conducted to test the feasibility of the experiment in the setting
available at Springfield College, and to develop software that could be
reacted to by students and Instructors before carrying out the proposed
experiment. Information obtained in the pilot study was used in planning
the study reported here.
In the pilot study, course content, lectures, printed laboratory
procedures, and tests were identical for each group. A pre-test was
given the week before the unit began. The post-test was identical,
although there was only a period of four weeks between tests. (This
time was extended in the later study, to reduce the possibility that the
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students* memory of the items would Influence their performance on the
post-test.) A questionnaire was also used to gauge student attitude
toward the AT approach.
Mean and standard deviations of test scores for each treatment
were determined and a t test was applied to determine the likelihood of
a significant statistical difference between the two groups. Tbe mean
of the gains in this pilot study for the control group was 39«55» while
the mean for the AT group was 46.55* There were 44 students involved in
this study, 2 AT students being compared to 2 control students for each
of 11 different laboratory sections. At 42 degrees of freedom for the
two independent samples (no attempt was made to match pairs), the
observed t value of O .5215 showed that the difference between the means
was not statistically significant. There was, however, a trend toward
improved achievement with the AT method.
Some problems with this pilot study were identified. It has
already been noted that the time which elapsed between the two tests,
which were identical, was probably too short, and some items, therefore,
may have been remembered by the students. In fact, test items may even
have been reinforced by going through the lab exercises. This may be
one reason that the post-test grades were higher for both groups in
the
pilot study than they were in the final experiment. Another
reason
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probably lies in t-h© fact "that, "the 22 studenfs in the AT group were
largely volunteers, and their interest may have favorably influenced
their learning.
In order to eliminate these problems as far as possible, some
changes were made in the procedure. These are the refinements that
were made:
1. More time (twelve weeks) was allowed to elapse between
the pre- and post-tests so that the memory aspect would be less likely
to influence the results.
2. The selection of students was randomized to ensure that
they were a representative sample of the total class population.
3* A larger number of students were chosen for the study.
4. Laboratory setups were improved to facilitate the lab
exercises,
5. The study guides and other printed matter were revised.
6. An expanded attitude questionnaire was devised.
In general, what was learned in the pilot study was sufficiently
encouraging that the study was continued on a larger scale.
3,7 Selection of Students for the Two Treatments .
At the beginning of the term, students had been assigned a student
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number according to alphabetical order for purposes of maintaining course
records. For the experiment, a table of random numbers was used to
assign the numbers of the class members to either of two groups. Within
each group, they were rank oixiered according to pre-test scores and
paired at random with someone with the same score in the alternate group.
Since carrels were limited and since it was considered desirable to
represent all ranges within the pre-test scores, further randomization
was used to select 45 of the matched pairs for study. For various reasons,
three persons were unable to finish the unit, so the final study is based
on 42 pairs, matched accoixiing to scores on the pre-tests and represent-
ing the entire range of these scores.
3.8 Procedures During the Experimental Period .
During the unit on genetics, the experimental and control labo-
ratory sessions ran concurrently. The experimental group worked in the
AT lab with one instructor available for questions, help with equipment
or materials, etc., while the control group and other students not
included in the test sample were attending the regular lab session.
A record was kept of the amounts of time required by members
of
the two groups to complete each exercise. No attempt
was made to find
out how much study time was spent outside of the lab
periods.
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At the last lecture class meeting of the unit, the post-test
was given to the entire class. In the first lab period after the
experimental period. Parts I and II of the questionnaire on attitudes
which had been administered twelve weeks earlier was again given to
students in both groups. Part III was added to the post-test for
those in the AT treatment group alone to obtain general student
reaction to the AT method of presenting laboratory experience.
3»9 Analysis .
After the unit on genetics was concluded, the following
analyses were made:
1. Differences between pre- and post-test results for the two
groups were compared, using a t test to determine whether there was a
significant difference between the two groups in question.
?., Using the pre-test scores as criteria, three sub-groups in
each treatment were identified as demonstrating different backgrounds in
genetics information. Fourteen pairs were classified as students with
a high entering competency, fourteen pairs were in a middle group, and
fourteen pairs were considered at a low entering competency level.
In order to determine whether there was any difference in the effec-
tiveness of the two learning strategies with these three sub-groups, as
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measured by Improvement In the post-test scores, a t test vas applied
to test for significance of differences In the mean score inprovement
for each of the three sub-groups#
3* There were approximately the same number of male ajid female
students in this study, but random assignment placed more females in the
control group than in the experimental group. There were 26 females and
16 males in the control group; there were 19 females and 23 males in the
AT group. In order to determine whether there was any difference between
the sexes in learning using these two lab instructional methods, the
average score improvement for female students in the control group was
compared to that of females in the AT group# Similarly, the scores of
male students in the two groups were compared# The t test was applied
to test the null hypothesis that there was no significant differences
in score gains between the two treatments for females, and a similar
null hypothesis for males#
3.10 Assumptions and Limitations #
In order to apply the t test to the null hypotheses to be
studied, it was necessary to assume normality of measures and equality
of variance# Both pre- and post-test scores for the entire class, and
for the control and experimental groups were observed to fall along a
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normal curve. An estimate of variances in both pre and post- test scores
was made, and statistical testing showed the difference in variance to
be non-significant. Therefore, the assumptions made for use of the t
test were reasonable.
The design was limited to an analysis of the differences in
improvement on a single measure, the teacher-made criterion test,
between the control and experimental groups, since this was the prime
objective of the study. Secondly, the two groups were divided into
three sub-groups i high, medium, and low entering competency in this unit
(as measured only by the pre-test). Thirdly, the two groups were
divided into male and female students for comparison of effectiveness
of different lab instruction on performance of these sub-groups.
CHAPTER I V
RESULTS AND DISCUSSION
4.1. a Intrcyjuctlon
.
The primary purpose of this study was to compare performance in
a unit on genetics of two randomly selected samples of students under
two different methods of laboratory instruction. The treatment accorded
the AT experimental group differed from that of their counterparts in
the control group only in the manner in which their laboratory instruc-
tion was presented, and in the way in which they carried out various
exercises. Ibus, both groups attended the same lectures, used the same
laboratory study guides, problem work sheets, equipment and materials.
They also viewed the same films, pictures, and slides. (See Organiza-
tional Chart on Page 33 •
)
Ihe AT group received their instructions, explanations, etc.,
in the laboratory through use of cassette tapes which they could stop,
I
reverse, and replay at will, or terminate entirely while they carried out
some procedure. Thus, they worked independently, were able to set their
own pace for completing the exercises, and could review some material
41
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immediately if necessary. Although an instructor vfas available in the
room, there were very few questions asked except for occasional help
with problem-solving.
On the other hand, members of the control group were verbally
presented with introductory directions and explanations in the laboratory
which were similar to the information in the tape scripts. All discussion
of lab material was given before the students started working in groups
of two or four on the exercises. Both groups had the same study guides
to refer to while doing the exercises,
4,l.b Results ,
The differences between pire- and post-test scores of the control
group was compared to differences between pre- and post-test scores of
the experimental group. Table 4,1 gives the data for the performance
of the matched groups on pre- and post-tests for the unit on genetics.
The table Indicates the students* numbers, sex, and test scores. The
45 pairs are also divided into three groups according to high, medium.
and low pre-test scores.
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Analysis
.
The statistical design used was a 2 x 3 factorial analysis
of variance to test the significance of the two main effects
(l. Treatment I method of laboratory instruction, and 2. Blocking >
high, medium, and low groups as determined by pre-test scores), and
the interaction between these two factors. Blocking was chosen as a
factor in order to take variability as to background in genetics
information into account. Subjects within blocks was another variable
used to reduce error. This design is similar to a repeated measures
design, except that in this case correlation is not present because
there are two measures on the same person but because the two members
of each matched pair scored the same on the pre-test.
The SPSS program MANOVA from the University of Massachusetts
Computer Center Library was used to determine the following
»
Treatment
i
F “ 17.57» P 4.05
Blocks 1 F « 12.84, P<-.05
Interaction (T x B)t F = 1.63, P > .05
Subiects Within Blocks
»
F “ 1.79, p > *05
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These results show that there was a si^^nificant difference
between the two teaching methods, with students in the AT lab groups
demonstrating greater improvement on the post-test than the control
group. There was also a significant difference in performances of
the high, medium, and low pre-test groups although the F ratio alone
does not distinguish between the groups. IViere was no significant
interaction between the two main factors, nor was there significant
variation in the subjects within blocks.
Since the main effects of treatment and entering competencies
were significant, it was of interest to do some follow-up analysis
to find out whether any of the three groups showed more improvement
than the others in order to propose setting up special AT labs for
selected groups in a class, even if the entire facility could not be
converted to an AT format. It was also of interest to see if there
was a difference between the effects of AT and traditional lab
instruction on performance of male and female students. Accordingly,
further comparisons were carried out.
The first involved a t test on the effect of AT versus tradi-
tional lab instruction on performance of the three groups to see if
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rejection of the null hypothesis is warranted.
4,l,c Discussion
.
The analysis of data indicates that the experimental (self-
paced audio-tutorial) method produced significantly better performance
than the control (teacher-directed) method, as measured by pre- and
post- tests.
It would be unrealistic, however, to fail to recognize some
differences between the two treatments which may have influenced the
results, although the situations causing these differences were largely
unavoidable. For example, in the control treatment, although the
teaching assistant circulated through the lab as the students worked,
ansvxering questions of demonstrating procedures as well as reviewing
the problems, it is likely that some students who might have profited
from having information or instructions repeated were unwilling or unable
at times to ask for this help if the instinictor was busy with otlier
students. Many individuals in the AT lab were observed by the lab
supervisor to replay some sections of the tapes over again at various
points in their work. Ttius the availability of replay was probably an
advantage of the AT method over the control format.
The students in this experiment had never used an audio-
tutorial
method of studying before, and the novelty of this approach to them may
have stimulated better performance by the AT group. 'Phis ''Hawthorne
effect" may well have been operating for them alone, because the control
group should have noted no difference from their previous lab experiences
in the course. They were scattered throughout the regular lab sections,
and in fact did not realize that they were specifically part of the
experiment.
Associated with the above effect is the fact that almost two-
thirds of the students in both the experimental and control groups
happened to be physical education majors, most of whom were presumably
aware that their required two-semester sophomore biology course. Anatomy
and Physiology, is given as an audio-tutorial offering. Although this
point was only commented about on the questionnaires of three of the AT
students, it seems possible that some of the other students in the
experimental group viewed the opportunity to use the AT method as
valuable, not only for the present course, but as an experience useful
in preparing for a subsequent course. However, inspection showed that
some of the lowest grades, as well as some of the medium and higher
grades were obtained on the post-test by physical education majors, so
this factor may not have had a great influence on results. (The
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remaining third of the students in both groups vrcre enrolled in major
programs whieh require no further scienee experience, so they were
probably not influenced by any such consideration.)
Another complication which may have enhanced the differences in
performance between the two treatments besides those mentioned above. Is
that members of the control group were taught by tnree dlfierent teaching
assistants as lab instructors, while the tapes had been prepared by the
fourth (senior) member of the staff. Teaching schedules made this
unavoidable, so c-are was taken to coordinate presentations as closely as
possible. The laboratory instructors for the control sections all
listened to the tapes and carried out the lab procedures before they
conducted their Individual labs, in order to standardize the presenta-
tions as much as possible.
Still another factor might be suggested as influencing different
performances, that is, the time in the school year at which the unit was
offered. For numerous reasons, this unit on genetics was scheduled for
the three weeks between Thanksgiving and the Christmas vacation.
During
the third week especially, the atmosphere in the control
laboratory
section, in which the students worked together in a rather
informal
setting may have been less conducive to learning than in
the AT lab
where students worked individually, sepaiated from
each other both
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visually and audibly. Although the situation v/as unavoidable and unfore-
seen, this difference in atmosphere was most obvious to the instructors
in the two neighboring laboratories.
It is clear, then, that the treatments wore more different in
some subtle respects than the formal design suggests, that is, that the
basic difference (how the lab material was presented and how woi-ked on
by the students) was affected by some other variations, even though all
other aspects of the experience was presumably held "the same".
Although the "Hawthorne effect", the strictures of class
schedules, the college calendar, and other intangibles may have affected
the results, nevertheless the implication that the AT fornat when used
for laboratory instruction can stimulate improved performance on the
overall unit in genetics is clear, and is consistent with some of the
conclusions of other more generalized research studies cited in
Cha.pter II.
4 , 2 Effect of AT Instruction on Performance of Groups ol High,
Medium, and Low Entering Competency ,
4. 2. a Introduction .
'Ibe students in the Control and AT treatment groups had
been
rank-ordered as to performance on the pre-test. In addition
to comparing
51
the differences between pre- and post-test scores for all the members of
the two treatment groups as described in 4.1, the data for each group
was subdivided into three parts according to rank order. The groups
were identified as "high** (pre-test scores of 50 through 60 ), “medium**
(pre-test scores of 38 through 48), and **low** (pre-test scores of 24
through 36 )* Mean differences between pre- and post-test scores for the
high, medium, and low AT groups (as measured by pre-test scores alone)
were obtained for comparison with the differences for corresponding
control groups.
4.2.b Results .
The summary statistics for each of the three sub-groups is given
in Table 4.2.
TABLE 4.2
EFFECT OF TREATMENTS ON PERFORMANCE OF STUDENTS
WITH DIFFERENT ENTERING COMPETENCY
Mean of Differences
Between Pre- and
Group Pre-Test Scores Post-Test
Differences Between
Means = D^ - D^ “ d
Control Group AT Group
High
Medium
Low
50 through 60 15 *^3
38 through 48 23»24
24 through 36 23»72
23.71
27.24
35.65
8.28
4.00
11.93
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Each experimental sub-group was compared to the appropriate
control group by the use of the t test with the following null hypo-
theses as a basis for the comparison:
a) High group: Ho = = 0 = O); H^ »
^ 0 (d / O).
b) Medium group: Ho « = 0 (d = O); H^ = ^ 0 (d 0).
c) Low group: Ho = » 0 (d = O) ; H^ = B^ - (d / 0).
The appropriate formula for determining the differences between
means for correlated samples is:
tw-, -
hj )(
(\)-
1
Assumptions of normality and equality of variances were made. Data
for this comparison are given in Thble 4.3
TABLE 4,3
ANALYSIS DATA ON TREATMENT EFFECTS ON
HIGH, MEDIUM AND LOW GROUPS
High Medium Low
d 8,28 4,00 11.93
d 114 76 203
d2 4184 2008 4565
d)^ 12996 5776 41209
N 14 14 14
Computed t 1.93 1.81 4,36
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formula used was D^-D,
^
^ ^ P* -C^O.TM ^ - UOrfM
s/a;^ nJ,4A;^-a.
For the females, at 4-3 degrees of freedom (26 + 19 - 2), and the O.O5
level of significance, t » 2,01?. The null hypothesis stated that there
would be no significant difference in scores between the two treatments.
”0 " ^AT
- Bcontrol « 0 and
^ 0. Since the observed
t value was 1.98, which falls under 2.017 in the area of acceptance, the
null hypothesis was not rejected. The difference between the means for
females was not significant at the 0.05 level, but there was an average
improvement of about 5 points.
For the male students, the value of t computed from Table 4 data
was 2.22, which is above the t value of 2.026 for 37 degrees of freedom
(16 + 23 - 2) at the 0.05 level of significance. The null hypothesis is
therefore rejected, indicating that the AT method of lab instruction
brought about a significant difference in performance over that of the
control, teacher-directed method, for male students in the experiment.
(Average improvement about 10 points.)
4,3,c Discussion .
The results on this analysis are not consistent with the one
other research study noted (Welker. 1972) In which female students
were
seen to have shown at least a trend toward Improved
performance
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^•2.b Analysis
.
I* ^igh Group. At 13 degrees of freedom, t » 2.l6 at the
0,05 level. The t value for the high group (I. 93 ) is below that t
value, thus it does not lie in the area of rejection. Therefore, the
null hypothesis of no significant difference is not rejected. Treat-
ment, therefore, had no statistically significant effect on the
performance of this group with the highest pre-test scores.
Medium Group
. At I 3 degrees of freedom, t = 2,l6 at
the 0.05 level, 'Fhe computed value of I. 8I is below this t value in
the area of acceptance. The null hypothesis cannot be rejected, there-
fore treatment was seen to have no statistically significant effect on
the performance of this sub-group in the middle range of pre-test scores.
3» Low Group , As indicated above, at 13 degrees of freedom,
the t value is 2,16 at the 0,05 level. The computed value of 4,36 is
wel] above that figure In the area of rejection. The null hypothesis of
no difference due to treatment is rejected for this group.
4 , 2.0 Discussion .
It appears that in this particular experimental setting, the
AT method did not bring about any significant improvement in performance
for students in the upper two-thirds of the class as measured by pre-test
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scores alone* On the other hand* the AT treatment was significantly
better than the control treatment for the lowest third of the class in
terms of improvement in scores on the post-test. This suggests that the
®®l^'“P^ced* individualized format of AT laboratory instruction Is more
useful for students who enter this unit on genetics with a limited back-
ground in the area. Of course, results on the pre-test do not indicate
the students* general academic ability or background in biology as a
whole. However, a pre-test of this kind may be a predictor of success
using the AT format.
From this study, AT appears to be more effective than the tra-
ditional method of lab instruction for the low scoring group, and at
least did not adversely affect the performance of the others in the
class. In fact, their scores did improve to some extent by about 4 to
8 points on the average. The implication is that converting laboiutory
instruction to an AT mode will be effective for students with low
entering competency, and will not detract from the performance of
students in the top or middle range of pre-test scores,
4,3 Effect of AT versus Traditional Laboratory Instruction on
Performance of Male and Female Students *
4*3, a Introduction .
There were 26 females and l6 males in the group randomly assigned
55
to the control treatment, while the AT group had I 9 females and 23 males.
The mean differences on test results were compared for the two treatments,
first for females, then for males. The purpose was to see if females
who are traditionally (if not always correctly) considered to have less
interest in and/or aptitude for scientific studies, performed any dif-
ferently than males in these two treatments.
4.3*b Results .
Results are shown in Table 4.4.
TABLE 4.4
PERFXIRMANCE OF FEMALE AND MALE STUDENTS ON
PRE- AND POST-TESTS FOR TWO TREATMENTS
Female
Control
Students
AT Group
Male Students
Control AT Grou]
N 26 19 16 23
*: D 566 498 762
D 20.01 24.90 20.47 30-
*: 1.4604 12280 8302 26005
2
s 71..27 205.58
t 1.93 2.22
For the computations, the appropriate statistical test used
here was different from that of the previous calculations because these
were independent means (i.e., not paired on any basis) which were being
compared. Again assuming normality and equality of variances, the
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in an AT setting, while males showed no significant difference nor even
S' trend toward improvement# Phe study cited covered an entire course,
however, not a single topic within one* It is reasonable to suggest
that different topics within the course might present a different
challenge to various sub-groups within the class population. For the
genetics unit in this experiment at any rate, the AT format was more
effective for male students, but did not adversely affect female
students, for whom there was a trend toward significant improvement in
score with the AT method.
4.4 Questionnaire .
4. 4. a Introduction .
A three-part questionnaire (see Appendix 6) was administered
in the followi ng way. Part I was a general informative section
containing 10 items on high school background, general attitudes toward
science and laboratory instruction. All students took this test before
and after the unit. Part II had 10 items concerned with the unit on
genetics in particular and was given to all students after the unit was
completed. Part III (5 items) dealt with the AT format alone, was
therefore given only to those students in the AT lab group.
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4,4,^ Results
»
Results of collation of responses on the questionnaire are given
in Table 5»
TABLE 5
QUESTIONNAIRE RESULTS
Part I. General Information Control Group AT Group
Pre- Post- Pre- Post-
1 • High school science courses Test Test Test Test
taken:
_
. .
Chemistry 40';4 40% 49% W
Physics 16 16 22 22
General Biology 95 95 91 91
Advanced Biology 29 29 22 22
2, The kinds of laboratory experience I have
most enjoyed in the past were (rated on
a scale of 4 for the most enjoyable, 1
for the least)
field trips 4 58^2 58% 60% 60'%
experimentation 3 22 22 20 20
dissections 2 18 18 13 13
microscope work 1 2 2 6 6
3, I have had the experience of using a
self-paced audio-tutorial method of
learning;
more than one class 3 .
in one class only 2 - - -
100%never 1 100% lOO^b 100%
Weight
4, I have found science instruction in
high school to be interesting 3 28% 26% 35^0 36%
interesting 2 56 58 44 44
of little interest 1 16 16 22 20
weighted avei-age 2.12 2.13 2.11 2.16
5 . I feel that the study of biology is
important to. students 3 74% 84% 69% 87%
some students 2 22 12 24 9
very few students 1 4 4 7 4
weighted average 2.7 2.8 2.6 2.83
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TABLE 5~“Contlnued
Control Group AT Group
Weight
Pre-
Test
Post-
Test
Pre-
Test
Post-
Test
Lab work in a science course
is:
- ,
very useful 3 2Z% 20% 27% 40%
of some use 2 53 58 62 51
of little use 1 24 22 11 9
weighted average 1.96 1.98 2.16 2.31
I think lab work is
more interesting than
lectures 3 87% 93% 82% 93%
about as interesting
as lectures 2 13 7 13 7
less interesting than
lectures 1 0 0 4 0
weighted average 2.87 2.93 2.76 2.93
I would prefer lab work to be
done
:
with others in a team effort 3
in a combination of individual
27% 36% 31% 33%
and team work 2 6o 51 53 58
individually only 1 13 13 15 9
weighted average 2.14 2.23 2.14 2.24
9. I think a self-paced audio
tutorial lab, in comparison
to the regular kind of lab
would be:
preferable 3
about the same 2
less preferable 1
weighted average
18
38
39
1.69
62
24
13
2,4?
20
33
46
1.72
78
13
9
2.69
10. Any general comments?
Variable responses. On the post-test various aspects of the
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TABLE 5
—
Continued
lab exercises were commented upon by some students. In both
treatment groups, the exercises on the laws of probability
and human heredity were favorably commented upon. There were
a few unfavorable comments on the microscope work In the
second and third exercises.
Part II, The Genetics Unit,
Post-Test Only:
Control AT
I feel that the material In this unit
extremely Interesting 4 22% 31%
Interesting 3 4? 44
slightly Interesting 2 20 18
of little Interest 1 11 7
Rating: weighted average 2,8 2.99
I think that the material covered was:
too difficult 4 27 18
a little difficult 3 22 32
about right 2 49 44
too easy 1 2 6
Rating; weighted average 2,75 2.62
I think that the material covered in
this unit is:
of great importance to all 4 38 31
of some Importajice to all 3 40 58
slightly important to some 2 18 9
of very little importance 1 4 2
Rating* weighted average 3.12 3.18
I believe that in studying this unit,
the lab exercises were:
very helpful 4 29 44
helpful 3 53 44
slightly helpful 2 18 9
of little or no help ! 0 2
Rating: weighted average 3.11 3.28
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5* To study a unit on Genetics, I would
prefer.
instruction
a combination of AT and
the regular method
AT with a discussion
period
just the regular method
Rating I weighted average
6, In this unit I feel that I learned:
a great deal about genetics
some useful information about
genetics
some information about genetics
very little information about
genetics
Rating: weighted average
7, I would like to study other units in
Biology using the AT method of lab
Instruction.
Partially agree
Undecided
Disagree
Rating: weighted average
8, I found the concepts of genetics as
presented in this unit to be:
very clear
clear
somewhat confusing
very confusing
Rating:weighted average
9, I feel the lab material was paced too
a little too fast
about right
too slow
Rating? weighted average
10, Any general comments? (Various answers. See discussion.
)
Post-Test Only:
Control AT
9 53
3 51 40
2 33 4
L 6 2
2.61 3.42
4 4 22
3 29 51
2 64 22
1 2 4
2.43 2.89
4 58 69
3 22 20
2 18 6
1 2 4
3.36 3.52
4 22 31
3 55 60
2 18 6
1 4 2
2.93 . 3.18
4 31
-
3 44 6
2 22 93
1 2 -
3.02 2.04
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PART III, The AT Procedure ,
This part was given only to the experimental AT group after the
unit was completed
Agree Disagree Undecided
!• I liked the use of AT exercises in
this unit
2* I would like to study another Biology
unit in this manner
3* I think I learned more using the AT
approach for this unit than if I had
been in my regular lab section ?! 6 22
4, Vfhat I liked best about the AT approach
was i
82% 13% 4%
89 9 2
Some comments recorded werei self-paced aspect (12 persons),
working on your own (? persons),
easier to concentrate (6 persons),
more efficient (2 persons),
helped study for exams (2 persons)
5. V/hat I liked least about the AT approach was:
Some comments recorded were:
too impersonal (2 persons),
boring (2 persons),
quality' of sound on the tapes (l person)
4,4, c Discussion,
When the information from the attitude questionnaire was collated.
observation of the responses show some trends.
Part I, This section dealt with background, attitudes toward
science study in high school, and toward lab instruction in particular:
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It was given both before and after the unit to all students in both
groups, Ihe AT group was somewhat more positive toward the usefulness
of lab work than the control group before the unit began, and this
positive viewpoint was seen to have increased after the experimental
period was over. Both groups showed an increase in interest in the AT
format as a replacement for the traditional approach. There was little
other change in general attitudes in either group.
Part II , The second section of the questionnaire contained
items concerning the genetics unit in particular, and was given to both
groups after the unit was completed. Again there was little difference
in attitudes before or after the unit, or between the two groups except
for items 5 and 10, The majority of students who had been in the
experimental group thought that they would prefer either all AT
instruction, or AT combined with the regular methods, while the control
group indicated a preference for AT combined with either the regular
method, or with a discussion period. Unlike the control group, the AT
group thought the lab material was paced about right, naturally enough,
since the AT approach allows self-pacing. The control group felt the
material was paced a little too fast. Interestingly, the amounts of
in the lab was about the same. The self-pacingtime spent by both groups
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aspect built into an AT format may have a psychological advantage in
developing confidence in the students* ability to carry out and benefit
from that material presented in a specific lab period time span.
Part III
. This section of the questionnaire was concerned with
the AT program alone, and thus was only administered after the unit was
over to the members of the AT group. Their responses were generally
favorable, since a substantial number of them reported that they liked
the AT format, would like to study other biology units in this way, and
that they felt they had learned more than if they had been in their
regular lab section. These positive findings are consistent with the
findings of other investigators like Postlethwait (1964), and, coupled
with the improvement in test scores reported in sections 4.1, 4.2, and
4.3, makes it appear that the AT approach is desirable for effective lab
instructions in the area of genetics, both from the viewpoint of improved
test scores and of positive student attitudes toward this teaching
strategy
CHAPTER V
Summary and Conclusions
For a unit on genetics in a college-level course in general
biology, two different methods of laboratory instruction were compared:
an experimental self-paced audio-tutorial format versus a traditional
teacher-directed laboratory presentation as a control. Results of
increases in cognitive learning as measured by comparing identical pre-
test and post-test items, and of affective changes as measured by an
attitude questionnaire were obtained,
5*1 Procedure t
a. Overall achievement gains were determined for all students
in the AT group as compared to those for the control group, as analyzed
by an analysis of variance test for the significance of differences in
two samples, paired by rank-order on the pre-test.
b. The students in each group were rank-ordered accorxiing to
pre-test scores and then divided into three groups with high, medium,
and low scores. Using this criterion as an indication of entering
competency, the performances of the three AT sub-groups were compared
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to those of their counterparts under the control treatment.
c. The differences between pre- and post-test scores recorded
for students in the two treatments were also analyzed to compare effects
of the treatments on performance of male versus female students.
d. Pre- and post-test questionnaires dealing with l) attitudes
toward science and biology in particular, and 2) with laboratory
instruction, were administered to both groups. At the conclusion of
the unit, a third part with questions specific to the AT procedure
used in this experiment was given to the members of the AT unit alone.
5.2 Results !
a. Achievement gains were significantly greater at the 0.05%
confidence level for all students in the AT group as compared to those
for the entire control group.
b. When the high, medium, and low sub-groups (as measured by
their pre-test scores) in each treatment were compared by use of the t
test analysis, there was found to be no significant change at the 0 . 05%
confidence level in the performance of high or medium entering competency
students, although there was a consistent trend toward improvement with
the AT method. AT laboratory instruction, however, was found to be
significantly better than the traditional method in improving scores
of
6?
students in the low pre-test score group,
c. The AT method did not bring about a statistically significant
improvement in the performance of the female students, although their
scores did go up by about 5 points. However, this method did bring
about significant improvement (around a 10—point score increase) over
the traditional method for male students*
d. From an examination of the responses to the pre- and post-
test questionnaire, there appeared to be no really notable changes in
attitude toward science and biology in particular, toward types of
laboratory instruction, etc,, although there was a trend toward improve-
ment with the AT group, A majority of members of this experimental
group indicated that they liked the AT approach and would like to study
another unit in the same way. In fact, even the control group on the
post-test indicated a higher percentage of comments concerning a desire
to study another unit using the AT technique, presumably because of
what they had learned about it from classmates. A minority of negative
responses cited the impersonality of AT labs, and the lack of communi-
cation and cooperation with other students and the instructor, as the
main reservations students had about this method as compared to the
traditional one.
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5*3 Conclusions
.
The tests administered for this study measured the results of
overall presentation of the Genetics unit, including lectures and text
assignments as well as laboratory instruction. The primary difference
between the two treatments, therefore, lay in the presence or absence
of an audio-tutorial aspect of laboratory instnaction. Thus the results
basically represent the effects of AT lab instruction compared to those
of a traditional teacher-directed lab format. “Ibe conclusions warranted
by the results may be summarized as follows:
a. The results of this experiment indicate that the AT method
of lab instruction is more effective than tlie traditional teacher-directed
format for the topic of genetics at the college freshman (non-biology
major) level.
b. AT lab instruction also appears to be significantly better
than the conventional approach for some sub-groups within the total
population studied, that is, l) for all students scoring in the lowest
third of the class on the pre-test, and 2) for male students in general.
c. AT laboratory instruction, on the other hand, is not signi-
ficantly more effective than the traditional method for those students
in the high or medium entering competency group, or for female students
in general, although there was a trend toward greater improvement with
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the AT group than with the control group.
The weight of evidence in previous studies comparing AT and
traditional instructional strategies favored the AT approach. From
results of this experiment, it would appear to be a more effective
way to teach the laboratory portion of a unit on genetics than the way
in which it is traditionally taught. This is true both for the general
population of students and for some of the sub-groups of the total
population. At the same time, the sub-groups for which there was no
significant Improvement were not adversely affected by the use of AT,
and in fact, there was at least some trend toward improvement for all
.groups. Therefore, it appears that in a general biology sequence,
changing the conventional method of teaching genetics to an audio-
tutorial approach for the laboratory portion of the unit, would be an
effective step toward improving student learning in this area,
5.4 Implications for Future Research
On the basis of the results reported in this study, an audio-
tutorial approach in laboratory instruction in a unit on Genetics,
would appear to be more effective than the traditional teacher-directed
laboratory format. Where the subject matter and kinds of learning in
genetics are similar to those in other areas of Biology, or other sciences.
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the implications of the results may be extended to those areas or
courses. For example, within the same introductory Biology course
involved in this study, another unit on EJvolution, which includes
concepts and mainipulations in population genetics, would be an obvious
choice for experimentation by converting to an audio-tutorial format.
The fact that significant improvement in the genetics unit
using the AT format occurred in the group of students with the lowest
pre-test scores suggests that a supplementary AT lab program for other
units in the course might augment learning by students so identified.
Although an AT format extensive enough for an entire class might at
present be beyond the current financial and spatial restrictions for
this course, the study reported here showed that it would be feasible
to present AT lab exercises to that quartile of the class scoring the
lowest on a pre-test.
Students in this study were randomly assigned to the two treat-
ment groups. If they had been given a choice of which of the two
methods of laboratory instruction they preferred, the results
might
have been somewhat different. Research in this area
would be of interest
since it is probable, in light of current trends in
higher education,
that where alternate methods of instruction are
available, students
will be given increasing opportunities to choose
which strategy of
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learning they wish to follow.
The literature is limited on studies which relate background in
science, prior performance on standardized tests, overall grade averages,
etc,, to achievement in a given course or segment of a course. Simi-
larly there have been few if any studies on whether individual units
within a general course are better tau^t by one method than by another.
This study provides a possible model for future experimentation to
explore various methods of laboratory instruction as to their effects
in improving the performance of students of different backgrounds and
ability in learning the concepts of the diverse topics considered in a
course in general Biology,
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Appendix I
Objectives for Unit in Genetics
BASIC CONCEPTS OF MODERN BIOLOGY
Unit IV t Genetics
Objectives !
Genetics It Patterns of Inheritance *
At the conclusion of this exercise, the student should be able
to:
!• recognize a correct statement or to state in his own words
Mendel's postulates in terms of the laws of probability and of chromo-
some behavior,
2. apply Mendel's laws to genetics problems such as monohybrid
and dihybrid crosses, with and without dominance.
3. state or recognize a statement of the chromosome theory.
4. recognize a state of genetic linkage when given an example,
and determine from appropriate data the distances between linked genes.
5. describe the chromosomal basis of sex determination in
human beings and solve problems involving sex linkage.
6. explain and/or solve problems involving multiple alleles.
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7. demonstrate familiarity with certain inherited traits in
human beings » and determine as far as possible his own genotype and
phenotype for selected characteristics such as blood type.
Genetics lit Nature of the Gene and Its Action.
At the conclusion of this exercise the student should be able
to I
1. identify aspects of the chemical nature of the nucleic acids.
2. describe the general course of information flow within the
cell from DNA to the finished protein, or to answer objective type
questions dealing with the functions of the DNA and RNA molecules.
3. recognize complementary coding sequences of DNA, its
messenger RNA, and transfer RNA, and identify the site of each step in
the cellular synthesis of protein.
4. identify types, causes for, and selected examples ofi
a) point mutations attaching the structure of individual genes, and
b) chromosomal aberrations which produce abnormalities.
5. outline the transmission and recognize the effects
of
selected examples of inborn errors of metabolism (PKU disease,
sickle
cell anemia, Tay-Sachs disease, for example).
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6. define or recognize a correct definition, and give examples
ofi epistasis, penetrance, expressivity; indicate how these affect
human heredity.
Genetics III, Genes in Development
.
1. recognize all elements of the operon system as postulated
for bacteria, viruses and higher organisms; give or recognize examples
such as lac operon, histidine operon.
2. recognize some examples of situations in which gene action
in development is Influenced by other genes or by factors in the
environment such as hormones, temperature, oxygen tension.
3* Identify various typical reproductive and developmental
mechanisms in protists, plants, and animals.
4. compare asexual and sexual reproduction and recognize the
advantages of the latter in terms of evolution.
5. distinguish between meiosis and mitosis, and relate these
processes to DNA functions.
6. identify and describe or recognize descriptions of the general
stages of development in vertebrates
Appendix II
Pre- and Post-Test
BASIC CONCEPTS
Unit Exam on Genetics and Developmental Blolop:y
1. If a person with type A blood Is heterozygous and marries a person
with type 0 blood the expected ratio In the children will bei
(a) One A to one 0
(b) All A
c) All 0
d) Three A to one 0
2# The antibiotics streptomycin, neomycin, viomycln and others are
thou^t to associate irreversibly with the ribosomes in bacteria
and thus disrupt their’ normal functioning# In other words, these
antibiotics destroy bacteria in which way?
(a) Prevents them from reproducing normally
b) Increases their respiration to an abnoimal rate
c) Inhibits their photosynthetic activity
(d) Prevents the synthesis of proteins
3# A dominant gene is one which -
a) Is only expressed when homozygous
b) Is always expressed when it is carried
(c) Shows in all the offspring when both parents express it
(d) Is the more common trait in the population
4, Which of the following is true of the mesoderm?
(a) It gives basic shape and complexity to thie embryo
b) It gives rise to the central nervous system
c) It has nothing to do with the formation of the intestine
d) All of the above are correct
5# The arrangement of the letters A, G, C, T in DHA represent x^hat?
(a) A chemical code
(b) High energy packets
(c) Genes
(d) Enzymes
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6 . The term sex-linkage refers to a gene
Found only in males or females
Influenced by sex hormones
Influenced by the sex of the animal
Found on the X chromosome
7. If genes for different characteristics are on different chromosomes
they are:
(a) Linked
(b) Always segregated
(c) Inherited independently
(d) Arranged in linear order
8, A change in the sequence of the A, G, C, T in the DNA model units is
termed what?
(a) Oxidation
(b) Antigen-antibody reaction
(c) EJnxymatic reaction
(d) Mutation
In which of the following ways is an individual exposed to potentially
dangerous radiation?
(a) Vfhile taking a sunbath
(b) While getting a chest X-ray
(c) While working with radioisotopes in a laboratory
(d) All of these
10, An egg has three functions to perform:
1 , To supply a nucleus containing half the chromosomal comple-
ment of the future embryo
2, To supply almost all of the cytoplasm upon union with the
sperm
3, (Find the appropriate third function in the list below).
(a)
(b)
(c
(d
To seek out and unite with a sperm cell
To supply food reserves for the developing embryo
To eventually determine the sex of the embryo
To protect the developing embryo from damage
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11 • Humaji gBristic problsms ar© often difficult to analyze because i
(aV It is difficult to conduct experiments with humans
(b) Meiosis is basically a different process here
(c) Information on past generations is difficult to obtain and
often inaccurate
(d) Genetics analysis requires large family size before any
information can be gained
12, The term ''phenotype** is best described by which of the following?
(a) Observable expression of genotype
(b) Observable expression of genotype and environment
(c) Genetic make-up of the individual
(d) Gene pool expression of a population
13* The results of Mendel's experiments revealed two important heredi-
tary concepts:
(a) Mutation and recombination
(b) Crossover and sex linkage
(c) Segregation and dominance
(d) Monohybrid and trihybrid crosses
14. Mendel succeeded as well as he did in his experimental work because
of
:
fa) His clear-cut experimental design
(b) Luck
(c) The careful records he kept
(d) All factors listed above
15 . Ihe product of a regulator genet
(a) Is repressed by some environmental factor in the cell like a
hormone
(b) Switches on operator genes
(c) Is a nucleotide
(d) Switches on structural genes
16
.
Which of the following applies most accurately to DNA
(a) It is found in chromosomes
(b) It is an energy releasing compound in the cytoplasm
(c) It is the protein material of which chromosomes are made
(d) It is found in ribosomes
17. If a portion of a DNA molecule has an arrangement like this A'
G-
G-
8o
17. Continued
Then the complementary DNA strand which goes with it would be as
follows:
-A (b)
-A (c) -G (d) -T
-T
-T
-C
-A
-C
-G
-A -G
-G
-C
-T -C
KEY
(al1 CleavageM1 Morphogenesis
(cj1 Differentiation
(d:1 Growth
18, The longest stage in the human lifespan is concerned with this pro-
cess:
(a) A
(b) B
19. 'Ihe shape and form of the body is determined by this process:
(a)
(d)
A
B
C
D
20, The formation of heart muscle cells is primarily this process:
21, Credit for the Operon Iheory belongs primarily to which of the
following?
(a.) Schleiden and Schwann
(b) Watson & Crick
(c) Jacob & Monod
(d) Einstein & Newton
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22* Comparable to the concept that every cell originates from a cell is
concept that every chromosome arises from aj
(a) Cell
(b) Gene
(c) Gamete
(d) Chromosome
23» Which of the follovring statements about crossing over is most
acceptable?
(a) There are as many crossing-over possibilities as there are
genes in the cell
(b) The farther apart two genes lie on the chromosome the greater
the likelihood of their crossing over
(c) Genes that are linearly adjacent on a chromosome have the
greatest cross-over potential
(d) None of the above is acceptable
24, A 9*30*1 ratio is expected in the generation when the cross
was I
(a) From an organism homozygous for two dominant traits crossed to
one homozygous for two recessive traits
(b) From an organism heterozygous for two dominant traits crossed
to one homozygous for two recessive alleles
(c) From an organism heterozygous for two recessive traits crossed
to one homozygous for two dominant alleles
(d) From a cross of two organisms f both of which are heterozygous
for two dominant traits
25 , Many different groups and nationalities of people have protested
against further testing of atomic bombs in our atmosphere. These
protests have a good biological basis as indicated by which of the
following statements?
(a) Such testing might lead to a nuclear war and the death of
millions of people
(b) Radioactive fallout damages human food supplies and could lead
to mass starvation
(c) Radioactive fallout can produce genetic damage and cause defects
in future generations
(d) Such testing programs in the atmosphere poison the air so as to
increase the smot problem
26 , When red and white four o* clocks are crossed, pink
hybrids occur
in the F, generation. If a pink hybrid is then cr-ossed with
another
pink hybrid, the phenotypic ratios among the progeny
will be approxi-
mately *
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26. Continued
one pink to three white
one red; two pinks; and one white
one pink to one white
three pinks to one white
27* Two seemingly normal parents produce an offspring with the disease
PKU. Which of the following is true?
(a) All grandparents of the child had the disease (it skipped a
generation).
(b) At least two grandparents (one on each side) had the disease
(c) At least two grandparents (one on each side) carried the
recessive allele for the disease
(d) One of the parents was a carrier for the dominant allele that
causes this disease
28. Myopia (nearsightedness) and PKU disease are both inherited as
autosomal traits that occur on different chromosome pairs. A man
who is normal phenotypically» but a carrier for both traits marries
a woman with a genotype identical to his (i.e.* she is also a
carrier for both characteristics). What are the chances that their
first child will be myopic and also have PKU?
(a) 1/2
(b) 0
(c) lA
(d) l/l6
\e) 3/16
29 . Mendel’s law of segregation implies that the
two members of an
allelic pair of genes
»
(a) Are distributed to separate gametes
(b) May contaminate each other
(c) Are assorted independently of all other genes
(d) Are segregated together as a pair into one of
two gametes
30
.
Cloning is*
(a) The process of producing a new individual
from a fertilized
(b) Tbe te™niqie of producing a new individual
by way of artificial
The pr^ucUon°of a new individual from a single
somatic ceU
^e mortation of a large number of fertilized eggs in the
uterus of a single host animal
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31* Possible advantages in human cloning are all but which of the
following!
(a) Production of compatible work forces
(b) Reduction of "generation gap" problems
(c) Perpetuation of valuable characteristics
(d) Possible control of future populations by a few individuals
32* Which of the following is (are) true of sickle cell anemia?
(a) It involves an amino acid base substitution in the hemoglobin
molecule
(b) Ihe red blood cells are abnormal
(c) Carriers of the trait possess a selective advantage in certain
environments
(d) All of the above
33* Kevin has a blood type of A and his genotype is AA* His girl
friend, Ginny, has a blood type of B and her mother is type 0,
Which blood types are likely to appear among their children?
(a) A or 0
(b) AB or 3
(c) AB or A
(d) AB, 0, or A
34 , Sutton's formulation of the chromosome theory explained Mendel's
theory of hereditary units, Sutton argued that there was a
correspondence between Mendel's unit and the behavior oft
(a) Genes
(b) Germ cells
(c) Mutations
(d) Chixjraosoraes
In rabbits two recessive genes produce a solid body color and long
hair respectively, in contrast to a spotted body color and short
hair, which result from the dominant alleles. The results from a
cross between the heterozygous spotted, short-haired rabbits and
the solid, long-haired rabbits are as follows:
spotted, short 48
spotted, long 5
solid, short 7
solid, long 40
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35« In terms of crossover units, how far apart are these two genes on
the chromosome?
(a) 48 units
(h) 40 units
(c) 12 units
(d) not available from the data
36* What aspect of the offspring indicates that crossing over took
place?
(a) 'Ibere are more spotted, short than solid, long progeny
The offspring did not form a 3*1 ratio
There are far fewer spotted, long and solid, short progeny
than the other two phenotypes
The first paragraph indicates that these genes are linked,
and crossover always occurs between linked genes
(b
(c)
(d)
37* Geneticists plot the relative locations of genes on chromosomes by
which of these methods?
(a) Using powerful microscopes
fb) Calculating the number of genes
(c) exposing animals to radiation
(d) Determining the frequency of crossover
38. Recent studies indicate that the gene has a general chemical
structure as follows:
(a
(b
Double chains of amino acids
A complex arrangement of nucleoproteins
Complicated linkages of proteins, fats, and carbohydrates
A helix of nitrogen bases, sugars, and phosphates
39* Which of the following constitutes the “backbone" or noncoded
portion of a DNA molecule?
(a) Nitrogen bases
(b) Sugar and phosphate units
(c) Proteins
(d) nucleotides
40. Tbe basic element of sexual reproduction found in all
organisms is
(a) The fusion of two haploid cells
(b) The presence of eggs and sperm
(c) Two kinds of individuals, male and female
(d) Two kinds of gonads, testes and ovaries
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• TVie evolutionary value of sexual reproduction as compared with
asexual isi
(a) A greater uniformity of offspring
(b) Greater variability among offspring
(c) That the offspring are more like their parents
(d) A larger number of offspring are produced
42 . Which of the following is characteristic of meiosis but not of
mitosis?
(a) Meiosis occurs in both the plant and the animal kingdom
(b) Meiosis involves cell division
(c) Meiosis involves a distribution of chromosomes to daughter
nuclei
(d) Meiosis results in chromosome reduction to a single set
43. One of the most distinctive features in meiosis when contrasted
with mitosis is;
(a) The formation of daughter cells
(b) The pairing of homologous chromosomes
(c) Ihe separation of chromosomes on the anaphase spindle
(d) All of the above
44
.
Autosomes;
(a) Is the name given to the sex chromosomes in maji
(b) Are mutated chromosomes
(c) Are the chromosomes other than sex chromosomes
(d) Are present only in the cells of the gonads
45. In humans, the sex of the offspring is determined by the;
(a) Mother
(b) Father
(c) Both parents
(d) Neither parent
46
.
If a woman who is heterozygous for color blindness marries a man
with normal vision, what percent of their daughters could expect
to be colorblind?
(a) Ofo
(b) 25^
(c) 50^
(d) 100^
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47. Differentiated cells:
(a) Are the only type of cell found in an adult animal
(b) Dedifferentiate to form a more generalized type normally
(c) May differentiate into a different type of specialized cell
as needed
(d) Are committed to particular functions
48. Control of differentiation at the level of the gene is thought to
be:
(a)
(b
Id!
49. The
(a)
(b)
(c)
(d)
Similar among all multicellular creatures
different between species
Different between vertebrates and invertebrates
Different between plants and animals
relationship between heredity and environment is that:
A very stimulating or depressing environment can change the
genotype of an individual
The environment can determine to what extent the genes are
expressed
Environment can affect the genotype but not the phenotype of
the individual
The environment can never affect genetically controlled traits
50, Mongolism is commonly the result of:
(a) An extra chromosome
Cb) A 3N condition
(c) A poor uterine environment
(D) a defective gene
f
Appendix III
Lecture Outlines on Unit IV " Genetics
GENErriGS 1 1 PATTERNS OF INHERITANCE
I. Introduction t Scope and applications of science of genetics
II* Historical Approach : Darwin, Mendel, deVries, et al.
Ill* Classical Transmission »
A. Mendel’s law of Segregation (monohybrid cross) It 2 i 1
ratio
B. Mendel’s law of Independent Assortment (dihybrid cross -
9 * 3 J 3 » i ratio
C. Linkage
D. Crossovers and Mapping, (Morgan, Bridges)
E. Sex-linked inheritance
GENETICS II: NATURE OF THE GENE AND ITS ACTION
I. Chromosome Theory - (Boveri and Sutton)
A. Locating of genes on chromosome - transmission in meiosis,
fertilization
B, Chromosomal aberrations causing Inherited change - ex,
non-disjunction
II. Nature of the Gene t
A, DNA structure and location (both in chromosome and in
small amounts in cytoplasm)
B. Mutation: causes and effects. Significance in evolution
III. Function of Gene t Protein synthesis
A. Messenger, ribosomal and transfer RNA - structures and
roles
B. Genetic code - ex. hemoglobin, insulin
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GENETICS III - GENES IN DEVELOPMENT
I.
II.
III.
Expression and Interaction of Genes t
A* Epistasis
B« Penetrance and Expressivity
Genes in Development ;
A* Jacob “ Monod Model of Operon Unit
B, Cellular Differentiation: Some experiments in
C. Effects of hormones, 0_ tension, etc., on gene
(ex: metamorphosis rieraoglobin)
(interaction of environment and genes)
Cell Division.
embryology
action
A. Mitosis - process and significance
B. Meiosis - process and significance
IV. Overview of Developmental Processes in Living Systems.
A. Asexual Reproduction
1. Mechanisms in bacteria and protists
2. Comparison with sexual reproduction
B. Sexual Reproduction
1. Mechanisms in plants
2. Mechanisms in animals
3. Significance of sexual reproduction in evolution
V. Vertebrate Embryology .
A. Overview - The Biogenetic Law
B. Stages of Development: frog and human
C. Implications of Current Research in Developmental Genetics
Appendix IV
laboratory Procedures
LABORATORY PERIOD FOR GENETICS I
Patterns of Inheritance
In these two periods, some of the fundamental laws of proba-
bility will be examined as they apply to the biology of inheritance.
Some demonstrations of breeding experiments with plants and animals
will also be studied and interpreted, as well as some aspects of human
heredity. During the second lab period, you will review the structure
of chromosomes and their behavior in the two types of cell division:
meiosis and mitosis, and the structure and function of the DNA and RNA
molecules. The overall objective is to familiarize you with the meaning
of the Mendelian laws of inheritance, and with the biological mechanisms
underlying them.
laboratory Period I,
Part A, Mendelian Inheritance .
Mendel used the following notation to describe his crosses of
a purebred dominant individual. Some modem conventional terms are
indicated also.
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A A X a a (Parental generation)
dominant recessive
P
1
F
2
A a
hybrid
(First filial generation) Genotype - A a
Phenotype - looks
dominant,
or A
Pumett Square: Gametes A a
Aa42Aa4aa
looks A (looks a)
A AA Aa
4
a Aa aa
On the accompanying problem work sheet, try problems 5 and 6.
These deal with one-trait crosses, or raonohybrid crosses. Others on the
work sheet of this type are problems 7, 8, 9» 11 » 12.
Ebcercise ^1: Laws of Probability :
Chance determines the distribution of chromosomes during
maturation of germ cells, just as it does the fall of a coin when
flipped. Carry out the following procedure and answer the questions
posed. (You may work in pairs for this exercise.)
a) Toss one coin for a total of 50 tosses. Heads:
Tails:
Do the above results always occur alternately?
Can either result be predetermined?
What is the probability that heads will turn up in 50
tosses?
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What difference in results might you have had if you had tossed
the coin 500 times?
What if you had tossed it 4 times?
h) Tlie previous exercise with one coin demonstrated the possible
distribution of two alleles in the germ cell (a single egg or single
sperm) of one individual. In order to illustrate what happens in
fertilization, or the fusion of two germ cells or gametes, use two
coins and toss each simultaneously. Toss two coins together for a
total of 48 tosses. Record the results.
H-H Head-Tail
Do the results for coin A Indicate any influence by coin B, or
vice
versa?
The results for coins A and B may be classified in
(how many?)
classes or giroups in the ratio oft •
If you had tossed the coin 500 times, what ratio
would have been
approached?
Ryfirclse #? lAws of Probability as Applied to Mendellan ..TTansiiilssl
on.
A simple nay of writing crosses was
illustrated on page 1,
using capital letters for dominant alleles
and lower case letters for
the recessives. One could symbolise
the coin cross in b) above in the
same fashion:
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Coin A; two possibilities - H or T
Coin B: •• : -
,
just as two hybrid indivi-
duals have 2 possibilities!
A or a
A Punnett square could be set up here also, to show what the expected
results of possible combinations with the two coins
i
^ ^
- Coin B
Coin Ai H HH HT
T HT TT
The same laws of probability apply in the following example: Cross a
purebred yellow-seeded plant (YY) with a homzygous green-seeded plant
(yy)« offspring are then hybrids with the genotype of •
Cross two of the progeny and show the genotype and phenotype
of the offspring by filling in the spaces below.
In this monohybrid cross, what ratio
would you then expect of yellow to
Gametes: green in this F^?
At the end of this exercise are some simple pi-oblems utilizing
Mendelian laws which, as we have seen, are based on the
laws of proba-
bility. The raonohybrid cross exemplifies the first
law of segregation.
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State Mendel's First law or Postulate*
Ebcerclse ^3* Plant Genetics, Monohybrid Grosses.
At the demonstration table are some flats or seeds which repre-
sent the F^ generation of heterozygous seeds (hybrid F^ generation)
which were planted several days ago* one flat of com, and one of soy-
beans. Classify the seedlings of each into two groups (Com* green and
albino; soybeans: yellow or green seed coats) and count the numbers of
each.
H Seedlings # Seedlings
Green Albino Yellow Green
Com * Soybeans *
What is the genotype of the albino plants? •
What are the genotypes of the green plants?
Which color is dominant in the com seedlings? —_•
Which is dominant in soybeans?
If you had to obtain heterozygous seeds for next year's class,
how might you go about it?
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Zeroise 3 B- Dlhvbrld Cross .
At each table is an ear of com that represents the generation
of a cross between plants differing in two chamcteristics. color and
texture. One pair of alleles controls whether the com kernel is purple
or yellow, and the other determines whether it is smooth or wrinkled
(due to differing amounts of sugar in the kernel). Classify and count
the progeny of heterozygotes (l.e., count the kernels and reconi the
data below.)
Class 1 Glass 2 Class 3 Class 4
Description
Observed values
Expected values
~~~
~
(9«3»3»1
Deviation
t
Which of the alleles for color is dominant?
Which of the alleles for texture is dominant?
How could you tell?
What were the expected values, if color and texture are
independent factors?
Try problems 10 and 14 on the problem worksheet. State
Mendel's second law*
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Exercise #4 - Human Heredity ;
1, Attached Is a list of Inherited human characteristics. Check
your own phenotype for each of the characteristics, (Some photos at the
demonstration table depict some of these Inherited characteristics),
2, PTC paper has been Impregnated with a chemical, pnenyl thlo
carbamide, which can be tasted by some people and not by others. About
70^ of the American population Is sensitive to this chemical, Tbste one
of the pieces of paper to determine 3rour own phenotype,
3, Typing serum and Instructions for testing your own blood type
are available at the demonstration table. Perhaps after you have found
out your own blood type, you can make up a pedigree from knowledge of
your parents* and siblings* blood types.
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List below those characteristics for which you know your own
phenotype, and also those for which you can be fairly sure of your
genotype, and give the appropriate symbols.
Some Inherited Characteristics in Mam
(D= dominant, r «
Simple Inheritance :
Eye color: Brown (d)
Blue (r)
Hair Colon Black (D)
Blond (r)
Ekr Lobe: Free (P)
'Attached (y)
Tongue: Rolling (P)
Non-rolling (r)
PTC Ikster (P)
Non-Taster (r)
Fingers: Ebctra (P)
Five (r)
Fingers: Bent Pinky (P)
Straight Pinky (r)_
Hair: Curly (P)
Straight (r)
Mentality: normal (P)
feeble-minded (r)
recessive)
Toes: Webbed (P)
Normal (r)
Pigmentation: normal (P)
albino (r)
Blood types: A, B, or AB (P)
0 (r);
Chee Pimples (P)
No dimples (r)
Skin: Freckles (P)
No Freckles (r)
Hair: Widow’s peak (P)
No widow’s peak (r)
Pexterity: Right-handed (P)_
Left-handed (r)_
B, Sex-Linked Inheritance :
Vision: normal (P)
color-blind (r)_
Sweat glands: normal (P)
absent (r)
Blood Clotting: normal (d)_^
h emoph i1 ia (r)
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STUDY GUIDE VOCABULARY LIST
1. Allele 24. Structural gene
2. Gene 25. Fertilization
3. Autosome 26, Gamete
4. Backcross (test cross) 27 . Zygote
5. Biastula 28. Germ cell
6. Gastrulation 29. Somatic cell
7. Germ layer 30. Genotype
8. Dominant 31. Phenotype
9. Recessive 32. Pleiotropy
10. Chromatid 33. Sex linkage
11. Chromosome 34. Helix
12. Cleavage 35. Hemizygous
13. Crossovers 36. Homozygous
14. Non-disjunction 37. Heterozygous
15. Differentiation 38. Homologous chromosomes
16. Diploid 39. Hybrid
17. Haploid 40. Incomplete Dominance
(intermediate)
18. Polyploid
4l • Gene locus
19. Monozygous twins 42. Map units
20. Dizygous twins 43. Meiosis
21. Enzyme 44. Mitosis
22. L’operon 45. Messenger RNA
23. Regulator gene 46. Transfer RNA
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STUDY GUIDE VOCABULARY LIST - Continued
^7. Ribosomal RNA
48. DNA
49. ATP
30. Metabolism
51 • Monohybrid cross
52. Dihybrld cross
53* Multiple alleles
54. Mutation
55« Nucleotide
56. Or^nizer
57 • Reciprocal cross
58. Recombination
59* Reduction division
60. Segregation
61 . Synapsis
62. Viability
63. "Wild" type
101LABORATORY EXERCISE: Developmental Biology II
Part B - Structure and Function of DNA Molecule
1 • The DNA molecule
Portion of a DNA Molecule
A = Adenine; T = Thymine: G = Guanine; C = Cytosine
ySugar Adenine -Thymine Sugir
Polynucleotide
Phosphate Phosphate
Sugar Cytosine Guanine — Sugar
Phosphate ^^PhoephaU
. Sugar— Thymine = == * Adenine Sugar
’
Phosphate\ PhtNphate
Sugar Cytosine i i • » Guanine — Sugar\
Phosphate
' ^
Phosphate
Sugar Guanirw = Cytosine Sugar
Phosphate
Phosphate
Sugar Adenine = =^ Thymine
Sugar
Phosphate
Phosphate
J
Nucleotide Hydrogen Bonds
I
i
1
n=Bg
D=CII
D=»--
HD
\
/
J)uplication of the DNA molecule:
4 c J) 0 bzz
Chain of Nuclaotides After Separation
J)uplication of the DM molecule occurn during the interphase stage of the
cycle of cell division or reproduction called IIIFiOSIS. Before going further, let
consider the structure of the chromosome, and its activity during the process of
cell division or mitosis.
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MITOSIS
The cell theory states that all living matter is composed of
cells and that all cells come from pre-existing cells. Protozoa and other
unicellular organisms increase in number by simple fission, whereby one
cell divides to give rise to two daughter cells. The fertilized egg
divides to form two cells, then four, then eight, and so on to become a
multicellular organism. Growth and repair of injury involve cell
division.
In all of these examples and in most others, the division of the
cell is preceded by replication of the chromosomes and their qualitatively
and quantitatively equal distribution into two daughter nuclei, Ihe
behavior of the chromosomes (and related cell structures) after their
replication up through their distribution into the two daughter nuclei
is mitosis. The cell division which usually follows is called cytokinesis
.
Mitosis is fundamentally the same process wherever it occurs,
but there are some differences that can be seen in the mechanics as it
occurs in plant cells compared with animal cells. The continuous process
of mitosis is divided into four stages, These are prophase
,
metaphase ,
anaphase
, and telophase . The period during which chromosome replication
takes place is called interphase and precedes mitosis. The time required
for mitosis varies among organisms and may be as little as 10 minutes,
I. Allium Root Tip
This material is especially useful for the study of mitosis
because cells in the root meristem are rapidly dividing and the onion
has l6 relatively large chromosomes. Because you are looking at thin
sections of the material all the cells will not show nuclei or
chromosomes. It is possible to recognize the dividing cells under
low power by the prominent stained chromosomes. You can therefore
spot a likely area for study and then carefully switch to high power.
Please be very careful to avoid hitting the coverslip.
Understand the sequence of events in mitosis, but do not attempt
to locate the stages in order. When you find a good example of any
stage - study it and make a sketch of it .
Interphase (inter = between)
Since most cells remain in interphase longer than in any stage
of mitosis, most of the cells will be in interphase when slides are
prepared. It is during this period that the chromosomes are
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replicated before the distribution of a full set to each dau^ter
nucleus.
At this time the nucleus is clearly visible bounded by a nuclear
membrane. One or more nucleoli (singular nucleolus) can be seen as
darkly stained bodies in the nucleus, 'Ihe chromosomes themselves
are such long» fine threads as to be indistinguishable under the
microscope*
Prophase (pro = before)
The chromosomes become visible during prophase. The very long*
fine threads become shorter, thicker and more densely stained as
prophase progresses* The shortening and thickening is due to the
chromosomes*
Each doubled chromosome is composed of two chromatids joined
by a single centromere which seems to play a role in the movement
of the chromosomes*
In later prophase the nucleoli disappear and the spindle fibers
appear* (Spindle fibers do not show up well in plant cells*) The
nuclear membrane breaks down at the end of prophase and the chromo-
somes move toward the equator*
Metaphase (raeta = next)
The spindle becomes more clearly organized though it may still
be difficult to see* Spindle fibers are attached to each chromo-
some at the centromere. Other spindle fibers go from one end of
the spindle to the other* The chromosomes move to the plane of the
equator*
Anaphase (ana =• backward)
Anaphase starts with the division of the centromeres which take
place simultaneously in all the chromosomes. Ihis is followed
imme-
diately by the separation of the chromatids, now each with its
own
centromere, and now called daughter chromosomes* The daughter
chromosomes migrate to opposite poles of the cell.
Telophase (telo = end)
The end of the migration of chromosomes to opposite
poles is the
start of the telophase* Ibis stage seems to be a
reversal P^"
phase* Ibe chromosomes uncoil and the nuclear
membrane is reformed*
This is usually accompanied by cytokinesis , which
in p^nt
cells involves the laying down of a new cell
wall between dau^
cells* The formation of the new cell wall
begins in the middle of
the cell and proceeds to the outside*
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II. Vfhlteflsh Blastula - Comparison of plant and animal cell division
ara t*<o major dlffarenooq bet«eon plant and animal ooll
division. In higher plant cells, the formation of the spindle
seems to consist of the appearance of spindle fibers originating
from areas at opposite ends of the cell. In most animal cells the
spindle is formed by the centrioles.
In most interphase animal cells there is a pair of centrioles.
These will act as centers for the formation of the spindle. Each
centrlole consists of 9 groups of microtubles comparable to the
9 + 2 arrangement of the cilium. Before the
start of mitosis each
centrlole has divided. The two pairs of centrioles begin to
move
apart and the spindle fibers are formed between them.
Radiating
from the outside of the centrioles are similar fibers
called astral
rays. The spindle fibers and the astral rays are
microtubles.
The second difference ypu will see when comparing
animal cells
with plant cells is the way that cytokin^^s takes p^ce.
to
animal cells the cytoplasm constricts in the equatorial
region.
This constriction deepends until the cell is
divided in two.
The whitefish blastula is an early stage in
the devetopraent
of the embryo. It is therefore very actively
dividing. The ^hromo-
aS Sailer in proportion to the cell size when compared
with
onion root tip. Why do you think this is so?
The spindle f e^
^ e+Tni mvs are very prominent. Locate the stages of
mitosis
tnd llln with those
onion root tip. Sketch the staRes, . trying
to Indicate the compari
son with the plant cell.
I5
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Mitosis (Body C«ll Division)
PLANT ANIMAL
INTERPHASE
PROPHASE
METAPHASE
ANAPHASE
C«ntro«om«
Nuc(«us
Nucleolus
Nuclear
Membrane
Plasma
Membrane
Spindle
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MEIOSIS
Introduction t
Sexual reproduction involves the fusion of two gametes to form a zygote.
Each gamete (egg or sperm) contains a nucleus with a haploid set of
chromosomes. The process by which the diploid number of chromosomes in
most cells of the body is reduced to haploid is meiosis . Ihis occurs
in animals during the process of gamete formation, and in most plants in
the formation of spores. In this lab period, you should review the steps
of meiosis and compare them with the processes involved in mitosis.
The process of meiosis consists of one chromosome replication during
interphase, as in mitosis, followed by two cell divisions, resulting in
four cells, each with half the chromosome complement of the parent cell.
Stages !
Meiosis is described by the same stages studied in mitosis. During the
interphase preceding the first meiotic division the chromosomes replicate
and each chromosome consists of two parts (chromatids ) connected by the
centromere at the start of Prophase I.
Prophase I is much longer than the other stages. At the beginning it is
not yet apparent that the chromosomes have doubled already. Homologous
chromosomes come together in synapsis (line up exactly alongside each
other). This differs from mitosis in which the chromosomes line up one
under the other, in pairs. The doubled chromosome pair now consists
of 4 strands - 2 each, thus they are known as tetrads when they pair up
at the next stage at the center of the spindle fiber. Ihis significant
stace is metaphase I. Each chromosome lined up on the central plate is
attached to a spindle fiber at its centromere. Anaphase I begins as
soon as the spindle fibers shorten and each chromosome (consisting of 2
chromotids) is separated from its homologue. Telophase^ I is the stage
when the chromosomes are at the opposite ends of the spindle
which dis-
appears - nuclear membrane reforms - and cells divide.
During interphase before the second meiotic division there
is no DNA
synthesis, each chromosome now remaining as a dyad
- 2
together at the centomere. The four stages are repeated
as P^P^ase II,
MeLphase II, etc. At Telophase II, two new cells are formed,
each
having a haploid set of chromosomes - one representative
of each pa
homologous chromosomes.
ra'romosome Beh^tvlor In meiosis as reproduced Hlth , clajc.
(Do this exercise
in pairs.
)
Construct 2 pairs of chromosomes as follows:
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1. E^ch chromosome should be a double rope of clay (each rope about
as thick as a pencil)* the two parts connected to each other by
a small bit of clay the size of a pea. (This represents the
centromere.) What is each strand called?
2. Prepare 2 chromosomes 4 inches long, one in each of the two
colors of clay. Prepare 2 more chromosomes 2 inches long, again
one each of two colors. These represent 2 homologous pairs of
chromosomes.
Meiosis I
Arrange the homologous pairs to show how they occur at synapsis.
Using chalk on lab table or a pencil on a sheet of paper, draw
the spindle and show where they (the spindle fibers) attach
to chromosomes.
Separate the chromosomes to show anaphase. Remember the centro-
meres have not divided by the end of meiosis I. Show what
happens in telophase I.
II. Carry the chromosomes through the stages of meiosis II. How
do
the chromosomes compare to the original number and kinds at
the beginning of meiosis I?
Have the instructor check the way you move the chromosomes some-
time during the period.
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Meioui
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LABORATORY PERIOD ON GENETICS III
Developmental Blolop:y
Reproduction makes possible the continuity of living matter by
way of sexual and asexual methods, thus ensuring the immortality of the
protoplasm* At the cellular level, this is brought about by two basic
processes - mitosis and meiosis * Variations and combinations of these
two processes account for the reproduction and development of all living
organisms, protists, plants, and animals.
During this lab period you will be able to observe and make notes
on specimens, films, models, and prepared slides exemplifying these
processes in different organisms. Prepare a report using the following
outline in which, by definitions and sketches, you survey reproduction
and development,
A, Cellular Reproduction!
1, Mitosis - duplication of parental cell; basis of binary
fission, asexual reproduction, growth,
regeneration. You have already observed and
sketched the following stages during last week's
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1. Mitosis - continued
lab I Interphase, prophase, metaphase, anaphase,
telephase In:
plants (onion root tip. Allium )
animals (whitefish blastula slides)
Observe the models of plant mitosis on the demon-
stration desk. (How can you tell that these are
plant cells?)
2. Meiosis - reduction of chromosome number to the haploid state;
occurs only in gametic or germ cells. Sxammarize
the steps of meiosis as studied in last week's lab.
B. Organismic Reproduction t
1. Asexual Reproduction -
a. Fission - a mitotic division. Algae, bacteria, as well
as animal protists reproduce in this way,
b. Budding - one type of asexual reproduction is familiar
to yout the budding of yeast. Animal forms
such as Hydra are also capable of this type of
reproduction.
c. Sporulation - observe and sketch the sporangium (spore-
container) of Rhlzopus (bread mold) in prepared
slides.
d. Vegetative - list some plants which produce vegetatively
,
by rhizomes, runners, leaf or stem cuttings,
(See displays in lab).
Ill
2 . Sexual Reproduction and Development -
a, Conju^tion - define and sketch microscope slides showing
a plant ( Spiropiyra ) and an animal
(Paramecium ) undergoing this typo of
reproduction.
b. Plants - Define I alternation of generations
gametophyte generation
sporophyte generation
endosperm
Observe model of flower showing some of the
pistil
, stamen
ovule
pollen tube
tube nucleus
megaspore
above structures.
c. Animals - Define: Gametogenesis fertilization
Gamete zygote
Follicle
1 ) Gametogenesis
Observe and sketch slides of mammalian
sperm and ovary, and of Ascaris eggs
in various stages involved in fertili-
zation.
?.) Developmental Stages
Observe the following: film strip on frog develop-
ment, models of frog, chick and human embryos; also
prepared slides of starfish developmental stages.
Appendix V
Study Guide on Genetics
SAMPLE GENETICS PROBLEMS
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1. Is it more or less probable that a family of two children consists
of a boy and a girl rather than two boys? How much so?
2. If color-blindness is regulated by recessive, sex-linked allele C,
a male who is color-blind and a woman known to be homozygous for
normal vision would be expected to have children with what type or
types of color vision?
3. A color-blind woman marries a man of normal vision. What would you
expect to be the phenotypes of their children? The genotypes?
4. liie reciprocal cross of a white-eyed female Drosophila and a red-
eyed (wild) male would bet (Diagram the cross and its result,
including the genotypes as well as phenotypes.)
5* The Inheritance of the A, B, and 0 blood groups is an example of the
effect of multiple alleles at one gene locus. There is one allele
responsible for the production of the A antigen. It appears as a
dominant since it will be expressed whenever it is carried, either
homozygously or heterozygously. The allele for the B antigen is the
same, but a heterozygote for A and B develops both antigens and is
said to have AB blood. At the same locus there is an allele
(called O) which produces neither A nor B antigens in the blood and
is recessive to bgth A and B. The basic letter symbols for these
alleles are I^
,
I
,
i . The possible genotypes for the 4 blood types
are shown below
»
Blood Type
0
A
B
AB
Possible Genotypes
i° 1°
I^ i°
o
i"i
ih*> r
b
ih°
5* Continued
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In the following table, fill in
Parents
0X0
0 X A
0 X AB
0 X B
A X AB
AB X AB
B X B
the possible blood types of children
i
Possible types of children
6, A gene for a different set of blood antigens has two alleles, M and
N« A person heterozygous for both produces both antigens, thus has
type MN blood. In the following table, fill in the possible geno-
types of the individuals omitted in either column.
Childrens* blood types Parents
1. M (genotype MM)
2. MN
3. N
4. MN X N
5. MN X M
6. MN X MN
7, Another of the human blood groups, the Rh series, consists of a
number of alleles at on "Rh'* locus on the chromosome (multiple
alleles). To simplify problem-solving, assume that the dominant
gene is Rh, Assume further that gene Rh produces an antigen so
that either genotype or Rh rh is an Rh positive person. The
homozygous recessive genotype may then be written rh rh.
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?• Continued
a. ) An Rh+ man whose mother was Rh- marries an Rh- woman. Dlapirara
the genotypes of the parents and the proportions of the geno-
types of their children.
b. ) A woman is type 0 and Rh-. She marries a man who is type AB,
Rh+, and whose father was Rh negative. What are the parents*
genotypes and those of their possible offspring?
8. Humans who are homozygous for the **slckle-cell*' gene (S, dominant)
so called because of the peculiar sickle shape of their red blood
cells, suffer from a fatal anemia because of abnorroal hemoglobin.
The heterozygote condition is not fatal. What would be the geno-
types of the offspring of the following parents
t
Children Grandchildren (assuming all
to marry nor-
mal individu-
als)
9* A woman of blood group A marries a man of blood group B. They have
a number of children, some of whom are blood group A, some B, some
AB, and some 0. What is the genotype of the woman? Of the man?
Parents
Ss X ss
Ss X Ss
Ss X SS
ss X ss
10. A number of hereditary characteristics have been described for a
certain animal. They arex
Black vs. White (B,b) Smooth vs. Rough (R»r)
Long vs. Short (S,s) Curly vs. Straight(C,c)
The series of crosses shown below was made in order to determine
t
dominant vs. recessive
autosomal vs. sex-linked
independent vs. linked
Examine each cross in order to choose between these
alt^atives.
Beside each cross, indicate what specific infonnation
about the
inheritance of these characteristics the cross has given.
Com-
plete the statements at the end.
10. Continued
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CROSS I
PI black short female x white long male.
FI all black long
F2 Females: FUiles:
96 black long 91
31 black short 34
28 white long 32
11 white short 10
l66 15?
CROSS II
PI black rough female x white smooth male
FI all black rough
FI male x white: smooth female:
Females: Males:
220 black rough 230
25 black smooth 29
21 white rou^ 25
228 white smooth 222
494 50^
CROSS III
PI curly smooth female x straight rough male
FI all straight rough
F2 Females
:
Males:
91 straight rough 182
30 straight smooth 64
88 curly rough 0
curly smooth 0
242 246
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10, Continued
1, In this animal, the (male, female) is the heterogametlc sex.
This animal, then, is more likely to be a (bird, mammal) than
a (bird, mammal), (Circle the correct answer),
2, Black is the characteristic that is (autosomal, sex-linked)
and (dominant, recessive). It is independent of the genesj
,
and
,
but is
linked to
,
approximately
cross-over units away,
3, Short is (autosomal, sex-linked), and (dominant, recessive).
It is independent of the genes
, ,
,
but is linked to , approximately
cross-over units away,
4, Rough is (autosomal, sex-linked) and (dominant, recessive). It
is independent of the genes
, ,
,
but is linked to black, approximately
cross-overs away,
5, Straight is (autosomal, sex-linked), and (dominant, recessive).
It is independent of the genes , »
,
but is linked to , approximately
cross-over units away.
Appendix VI
Instructor* s Lesson Plan for Genetics Laboi-atory Periods
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GENETICS It PATTERNS OF INHERITANCE
A. Introduce this lab period with a brief review of Mendel's laws
(already discussed in lectures), indicating the relationship between
Mendel's "factors" and genes. Go over the diagram on the lab sheet and
then do a similar cross on the blackboard, using a specific example such
as Mendel's tall pea plants crossed with short plants, or some human
characteristic like taste blindness,
)
Exercise ^1 , Relate the operation of the laws in probability in
heredity to the operation of these laws in something like coin-tossing.
Explain that students may work in pairs, one member of the pair tossing
the coins while the other records the results, (Note that when tossing
two coins, they should be done simultaneously, not first one, then the
other,) Before starting the students on this exercise, go over exercises
M2 and 3 briefly also.
Exercises M2 and #3 . Point out the flats of plants on the demon-
stration table. Discuss the effects of the presence or absence of
chloroplasts , and the role of light in the development of chloroplasts.
Some identical flats have been planted and kept stored in the
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closed cabinet under the demonstration table, thus developing without
light* Tb-ke these out briefly and show to class, then replace, eliciting
explanations from the class about their appearance*
Exercise ^4 * Draw attention to the ear of com each pair of
students has available at the lab table* EIxplain the reason for the
wrinkled or smooth appearance of the kernels* Review the expected ratio
for an generation with two independent genes*
Have the students begin work on these four exercises* While they
are doing so, have the student aide bring typing serum from the
refrigerator and check the supply of microscope slides, toothpicks, wax
pencils, PTC paper, etc.
B* Exercise #5i Human Heredity * After about one hour of carrying
out these exercises and helping as students try some of the problems on
the work sheets, call the class to attention and introduce Exercise
1) Go over the list of characteristics, using pictures on the
bulletin board or members of the class to demonstrate these and other
human characteristics which have a hereditary basis*
2) Review briefly the A, B, and 0 blood groups (which will have
already been discussed in lecture in more detail), and demonstrate the
technique of obtaining a blood sample and testing for agglutination*
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Have the students begin work on Exercise #5.
C. Problems i If time remains in the laboratory period after
cleaning up materials used in these five exercises, do some of the
problems on the study guide together with the students. Assign the
remainder of the problems on the work sheet to be handed in with the
completed exercises next week,
GENETICS II
A. DNA Structure , Show the film strip on “DMA, Key to Heredity",
For about fifteen minutes, review the structure of DNA and RNA, using
diagrams on page 1 of this laboratory procedure, the DNA model on the
demonstration table, and sketches on the blackboard. Relate DliA to
chromosomal structure,
B, Chromosomes in Mitosis and Meiosls . Show the film loop on
Animal Mitosis, By use of models and the diagrams in the laboratory
procedure, review the phases of mitosis, and compare mitosis with meiosis.
Have the students manipulate the clay chromosome models at their
desks.
Before they leave, each student should demonstrate to the
satisfaction
of the instructor or student aide that they understand
the movement of
the chromosomes in cell division, and the differences
between meiosis
and mitosis
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Point out the stages of oogenesis in the large photographs of
Ascaris on the bulletin board. Have the students sketch typical stages
in their notebooks from the microscope slides available on each desk,
C, Polytene Chromosomes and Chromosomal Aberrations , Introduce
the topic by explaining the formation and structure of polytene chromo-
somes, Show the film loop on the preparation of slides of salivary
gland chromosomes of Drosophila, Have students observe and sketch slides
of such chromosomes.
Have students make notes of various chromosomal variations in the
photographs of human karyotypes available at each desk. These should be
included in their record of this laboratory period,
GENETICS III. DEVELOPMENTAL GENETICS
A, Introduce this topic by listing and describing briefly
various types of reproductive mechanisms in protists and plants.
Students will pass around the lab and take notes on direct observations
of displays at demonstration tables showingi
Budding - yeast slides
Fission - Paramecium slides
Cbnjugation - ** and Spirogyra
Sporulation - fungi, models, diagrams, spore prints
Moss life cycle - slides, diagrams, preserved specimens
Fern life cycle -
^ ^
Gyranosperm and Angiosperm reproduction - specimens,
diagrams
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B* Animal Reproduction. Give a brief overview of specimens
and accompanying diagrams exemplifying
t
Sponge gemraules
Hermaphroditic worms
Life cycle of an insect
Stages in frog development (specimens and models)
"
" human development (photographs and models)
Show film loops on frog and human development. Then direct students to
go around the lab and observe and take notes on the displays.
Appendix VII
Work Sheet
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Review Queatlona and Problema In Genetlca
1. What is the raeaninR of each of the following terms?* a) chromosome,
B) gene, C) monohybrid, D) dihybrid, E) dominance, F) recessiveness,
B) allele, H) X-chromosome, l) mutation, J) genotype, K) phenotype,
L) heterozygous.
2. Explain Mendel’s law of segregation; and the law of Independent
assortment.
3« What is the difference between the members of each pair of the
following terras: A) phenotype and genotype, B) homozygous and
heterozygous, C) sex-chromosomes and autosomes, D) sex-linkage and
autosomal linkage.
4. What is a test-back-cross? What is its usefulness?
5« "Now that I have had a daughter, I am pretty certain that my next
child will be a boy, for after all, one half of the gametes contain
an X chromosome and the other half a Y chromosome." What is wrong
with the thinking behind this statement?
6. In the fruit-fly, long wing (v) is dominant over vestigial wing
(v). What results would be obtained when a heterozygous long-winged
fly is crossed with a short-winged individual?
7. Rough-coated guinea pigs crossed to smooth-coated pigs produce only
rough-coated offspring. What results would be obtained: A) by
breeding the with each other? B) by back-crossing an F^ with the
recessive parent?
8. Twenty-five percent of the offspring of a certain pair of white
sheep are black. What were the genotypes of the parents? Which
color is dominant?
9. If all the offspring produced by crossing red four-o’clock flowers
with white ones are pink flowered plants, what proportion of colors
will be produced in the offspring of the following:
a) pink X pink C) pink x red
B) pink X white D) red x white
10. An albino guinea pig with a rough coat is mated to a black one with
a smooth coat. The F offspring are all black and rough. What could
be the genotype and phenotypes of pigs of the F^ generation?
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11. In nan, brown eyes are dominant over blue, A brown-eyed man with
a blue-eyed mother marries a woman, both of whose parents had blue
eyes. What are her eyes, and what is the expected color or colors
of their children's eyes?
12, In short-homed cattle, the hybrid between red and white is roan.
What would be the nature of the offspring of a roan and a white
animal? The offspring of a roan and red animal?
13» Will a cross between two individuals with the same phenotype give
the same results as a cross between two individuals with the same
genotype? Explain.
14, In guinea pigs, black coat color is dominant over white, and rough
hair is dominant over smooth hair. Show by use of a Punnett Square
what the result will be of a cross between the following. In each
case, state the resulting phenotypic ratios. ( Black iB, white tb;
Bought R, smooth: r)
a) RRBb X rrBb, B) RRbb x RrBB, c) rrBb x Rrbb, D) RRBB x rrbb
Appendix ? - Continued
Vocabulary llst t
genotype trisomy
phenotype meiosis
reciprocal cross polar body
test cross mutagen
gene mutation ("point" mutation.
allele (chromosomal aberration
dominant multiple alleles
recessive epistasis
Intermediate Inheritance penetrance
homozygous expressivity
heterozygous genetic code
hybrid regulator gene
hemizygous operator gene
autosomes structural gene
sex chromosomes operon theory
linkage cellular differentiation
crossover unit fertilization
Barr bodies
sex chromatin
gameto genesis
non-dlsjunction
Appendix VIII
Questionnaire
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DIRECTIONS
Please check the response which most closely corresponds to your opinion.
(Given to all students at the time of the pre-test.
)
Part I. General Information
1. Hi^ school science courses taken i General Biology
Advanced Biology
Chemistry
Physics
2. The kinds of lab experiences I have most
enjoyed in the past were (rated on a
scale of 4 for the most enjoyable, 1
for the least):
experimentation
microscope work
field trips
dissections
3« I have found science instruction in hi^
school to be:
very interesting
__
interesting
__
of little Interest
4. I have had the experience of using a self-
paced audio-tutorial method of learning: in more than one
class
in one class only
never
5. I feel that the study of biology is
important to:
all students
some students
very few students
6. lab work in a science course is: very useful
of some use
of little use
7.
I think lab work is: more interesting than lectures
about as interesting as lectures
less interesting than lectures
8,
I would prefer lab work to be done:
with others in a team effort
in a combination of individual and
team work
individually only
9.
I think a self-paced audio-tutorial lab, in
comparison to the regular kind of lab
would be. preferable
about the same
less preferable
Part I. General Information - Continued
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10, Any general comments?
Part II« The Genetics Unit *
(Given to all students at the time of the post-test,
)
1, I feel that the material in this unit wasj extremely interesting
slightly interesting__
of little interest
__
2, I think that the material covered was: too difficult
a little difficult
about right
too easy
3» I think that the material covered in this unit is:
of great importance to
all
of some importance to
all
slightly Important to
some
of very little
importance
4, I believe that in studying this unit, the
lab exercises were: very helpful
helpful
slightly helpful
of little or no
help
5* To study a unit on Genetics, I would prefer:
all AT instruction
a combination of AT and the
regular method
AT with a discussion period
Just the regular method
6 , In this unit I feel that I learned:
7 , I would like to study other units in
Biology using the AT method of lab
instruction.
a great deal
some useful information
some information
very little information
Agree
Partially agree
Undecided
Disagree
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Part II» The Genetics Unit - Continued
8, I found the concepts of genetics as presented
in this unit to bej
very clear
clear
somewhat
confusing
very confusing
9« I feel the lab material was paced: too fast
a little too fast
about right
too slow
10. Any general comments?
Part III. The AT Procedure.
This part was given only to the experimental AT group after the unit was
completed.
Agree Disagree Undecided
1. I liked the use of AT exercises in this
unit
2. I would like to study another Biology
unit in this manner
3. I think I learned more using the AT
approach for this unit than if I
had been in my regular lab section
4. What I liked best about the AT approach
was I
5.
What I liked least about the AT approach
was:
V

